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FINAL  HSTORTt  "GELATION  OF  OIL  SPILLS  BY  AMINE  CARBAMATES  AS  AN  ADJUNCT 
TO  U.S.  NAVY  OIL  SPIIX  HECOVERY  OPERATIONS" 

Gontmct  No.  NOOOl4-?6-C-0)49 

Office  of  Naval  Research 
Deparisent  of  the  Navy 

Contract  Period « 15  October  1975  - 14  Novesber  19?6 


OBJECTIVES 

The  objectives  of  this  research  project,  as  stated  In  the  original  rroposal 
sutaltted  27  May  1975.  were  to  investigate  the  feasibility  of  using 
coaserclally  available  aliphatic  aslnes  in  the  fora  of  carbasate  salts  a.s 
gelling  agents  for  oil  slicks  at  sea  or  on  Inland  waters  toi 

1.  Restrain  the  spreading  of  oil  slicks. 

2.  laprove  the  visibility  of  the  boundaries  of  oil  slicks 
undergoing  retrieval  operations. 

3.  Fscllltate  and  enhance  the  yield  of  harvesting  of  oil 
slicks,  using  existing  U.S.  Navy  oil  spill  removal  equlpsent. 

(The  process  eabodled  In  the  proposal  and  project  Is  the  reaction  between 

high  eolocular  weight  aliphatic  aalnes  In  hydrocarbon  or  other  solvent 

to  produce  gels  upon  treateent  with  carbon  dioxide,  to  produce  carbamate 

saltsj  <P 

R-NH2  * GO2  > R-NH2-CO2 

aalne  (carbaaate  salt) 

(With  a sufficiently  high  molecular  weight  aalne  (R  - C^2  or  higher)  the 
resulting  carbaaate  salt  has  sufficient  hydrophobic  character  to  permit 
gelation  of  the  solvent,  even  in  the  presence  of  water.) 

The  specific  tasks  eabodled  in  the  original  proposal,  as  amended  by  the 
specifications  In  the  awarding  contract.  Included  the  following* 

A.  Investigation  of  the  rheology  of  gelled  oil  slicks. 


Includ*d  In  the  rheology  studies  were  the  following  consider- 
ations: 

1.  Structure/property  rorrelatlons. 

2.  Tanperature  and  concentration  effects. 

).  Optlaleatlon  of  gelling  systeas. 

4.  Investigation  of  use  with  Navy  Piston  Fils. 

The  awarding  contract  spefications  further  stipulated: 

Laboratory  gelling  studies  should  be  applied  to  petroleun 
products  likely  to  be  involved  in  Navy  spillst  especially 
NSFO,  Navy  Distillate  and  JP-5.  A gelling  agent  should  be 
selected  which  Is  sost  «'ff active  on  these  fuel  types. 

Hheological  seasureaents  should  be  on  pure  compounds. 

The  Influence  of  spill  thickness  on  gellation  effective- 
ness should  be  investigated. 

The  Inte.play  between  gellation  techniques  and  other 
aultl-eleser'.  confineaent  aethods  (water  streaas,  piston 
flla,  etc.)  should  be  Investigated. 

B . Investigation  of  toxicity  of  alternative  agents . 

(it  was  established  that  test  tanks  of  sea  water  were  to  be  set 
up  with  established  colonies  of  a fish  species  such  as  Fiinculus 
heteroclitus.  On  the  surface  of  these  tanks  oil  slicks  were  to 
be  gelled  and  subsequently  removed.  Blood  streaas  of  the  fish 
were  to  be  saapled  and  compared  irith  control  populations. 

C.  Developaent  of  a test  plan  and  receipt  of  govemaent  approval. 

Depending  on  favorable  results  in  Tasks  A.  and  B.,  a test  plan 
for  a field  test  in  Boston  Harbor  was  to  be  developed  and 
subaittod  to  the  EIPAi  Coast  Cwtard,  state  and  suniclpal  water 
control  authorities. 

D.  Investigation  of  practical  aethods  of  application  of  gelling 
systems  to  oil  slicks. 


This  task  was  to  include  a detenlnatlon  of  (pilaua  method  of 
delivery  of  the  amine  to  an  oil  slick,  evaluating  no£Sle,  pump 
and  similar  systems,  and  optimum  means  of  delivery  of  carbon 
dioxide. 

E.  BulldlnK  the  test  system. 

F.  Testing  the  system  In  Boston  Harbor. 

(Tasks  E.  and  F.  depended  on  the  outcome  of  Tasks  D.  and  G., 
respectively. ) 

G. ,  H.  (These  tasks  referred  to  the  submission  of  reports.) 

Several  additional  tasks  and  objectives  developed  as  spin-off  ramifications 
during  the  course  of  the  project.  These  Included  the  followings 

I.  Reduction  of  volatility  by  gellatlon  of  hydrocarbons. 

J.  Reduction  of  flammability  by  gelation  of  hydrocarbons, 

K . Ultra-vlclet  fluorescence  as  a means  of  enhancing  visl l\y_of 
gelled  and  ungelled  oil  slicks. 


PSULTS. 

A.  Rheology  of  gelled  oil  slicks. 

Our  Initial  efforts  were  directed  toward  determination  of  an  optimum 
cold  weather  gelling  agent  which  would  provide  sufficient  gelling  properties 
to  most  oil  systems  down  to  20°  F,  remaining  fluid  enough  to  apply  as  a 
spray  onto  oil  slicks  at  such  temperatures.  Initially  we  concentratea  on 
mixtures  of  commercially  available  straight  chain  amlnesi  a satisfactory 
agent  system  for  AW] AS  145  (less  so  for  JP-5,  Havy  Residual  Special  Fuel 
Oil  #6,  and  similar  oils)  was  found  to  be  a mixture  of  40  g.  dodecylamlne, 

25  g.  tetradecylamine,  and  4.5  g.  hexadecy lamina  In  solution  with  100  g. 
methyl  alcohol.  By  far  the  best  system,  however,  was  a mixture  of  70^ 
dehydroabletylamlne  ("Amine  D”,  as  manufactured  by  Hercules  Corp. ) anu 
either  30^  ethyl  alcohol  or  15<  ethyl  alcohol  and  155t  ben^yl  alcohol.  For 
practical  considerations  the  latter  formulation  (with  benzyl  alcohol)  was 
found  to  be  superior  for  mo.st  situation...  ApparMn’ly,  the  al'uhoi  ) uri<  t l oti.-, 
not  only  to  lower  the  viscosity  (Amine  > l,-.  a highly  vl.scou;;  I )ul<i  .,vf-r 
all  operational  temporaturest  see  App<‘n<ilx  C for  a <lls  us;. Ion  of  the 
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properties  o'  Aalno  D'li  but  also  to  provVie  sufficient  ool^rlty  within 
the  hydrocarbon  solution  of  the  carbamate  for  the  ionic  H-NH„-Ct carbamate 
gelant  to  set  up  in  a crystal  lattice  with  water,  which  Is  also  taken  up 
Into  the  <TP  I . In  a number  of  alff  erent  tests  It  was  observed  that  ion 

Common  c-i  at  the  water-oil  Interface,  and  that  the  s;el  (.rrows  upwani  i ’’ora 
this  boundary  throughout  the  oil.  As  much  as  half  the  gel,  depending  on 
the  nature  of  the  hynrocarbon  solvent,  may  be  waters  thus,  on  carbona' Ion 
of  a solution  of  90%  uodecane  and  10^  r,t‘  a solution  of  7(H  Aalne  1j,  ! 
ethyl  alcohol  and  i benjyl  alcohol  In  a 3 «u>  thick  Ilia  on  water,  a 6.1  mm 
thick  gel  occurreo.  This  tendency  for  a floating  oil  slick  to  be  aoubleo 
in  thlcaness  by  aomlxture  with  amine  ana  subsequent  carbonatlon  could  be 
of  uistlnct  advantage  In  terms  of  harvesting  very  thin  oil  slicks. 

Film  thfclness  noes  not  seem  to  be  a significant  factor  in  extent  or  rate 
of  gelation.  Various  oils  in  thicknesses  of  0.5  mm,  1 mm,  2 mm,  3 mw,  5 nun, 
ana  6 mm  all  underwent  gelation  at  approximately  the  same  rate  for  a giver, 
oil  and  with  lOSE  amine/alcohol  additive;  with  JP-5  as  the  oil,  gelation  took 
place  In  less  than  6 minutes,  at  all  thicknesses.  Even  sheen  appears  to  be 
gelled  --  although  It  Is  still  irrldescent,  gelled  sheen  is  very  easHv 
moved  around  ana  picked  up;  it  does  not  approach  a so.i.ld  state,  however,  as 
do  reasonably  thick  (i.e.,  0.5  ■»  or  greater)  layers. 

Water  temperature  is  rather  important  for  some  hydrocarbons.  Thus, 

No.  2 Fuel  Oil  aoes  not  gel  easily,  and  gel  strength  is  materially  reduced  at 
temperatures  above  70°  F.  AVGAS  1^5  appears  to  be  more  easily  gel lea  at 
temperatures  up  to  80°  F.  (Below  70°  No.  ? Fuel  Oil  gels  very  readllv.  > 

In  an  attempt  to  obtain  quantitative  measurements  of  gel  strengths  ♦'or 
various  combinations  of  different  hydrocarbons  and  different  aalne  gelants, 
we  Initially  Intended  to  measure  comparative  gel  strengths  by  comparing  rates 
of  creep  or  spread  of  the  gelled  oil  slick.  However,  all  gels  were  so  rigid 
that  no  creep  could  be  observed  in  any  instance.  We  were  able  to  construct 
a Bloom-type  geloaeter,  using  specifications  provided  by  the  Atlantic  Gelatin 
Co.  of  Wobarn,  Massachusetts-  Measurements  were  not  reproducible,  however, 
using  this  apparatus. 

A very  promising  device  which  we  contrived  for  this  purpose  conr;lsts  very 
simply  of  a vertical  mete  stick,  at  the  base  of  which  l.u  placeu  1 h<-  ge:  t 
he  te;,te(i,  and  at  .a  height  ot  whl'h  of  'm,  l.u  a ;,pht?ri  ca  1 >te,-!  ! ! 

o1  l.‘  mm  diameter.  Ilpori  dropping  the  tn  I I into  ttv  g>-i,  v.iit,,n:  .,i 
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pflr  .tratlon  are  achlove<i,  depending  on  the  strength  of  the  gel,  which  aepths 
will  serve  as  an  Index  of  the  gel  strength.  Unfortunately,  tlee  did  not 
permit  the  Investigation  of  a meaningful  enough  number  of  different  types  of 
gels  to  provlc*'  a basis  for  quanllatlve  measurements. 

We  were  able  to  make  qualitative  observations  which  enable  us  to  Indicate 
desirable  and  undesirable  features  Inherent  In  gelling  agents  and  In  the 
hydrocarbon  solvents. 

In  investigating  the  amine  gelants,  oil  slicks  on  water  surfaces  were 
not  utilized,  since  some  of  the  amine  carbamates  were  so  soluble  In  water 
these  would  not  have  remained  in  the  hyarocarbon,  but  rather  would  be  dissolved 
into  the  water.  Jodecane  was  used  as  the  hydrocarbon  in  these  studies,  with 
a solution  of  the  amine-ethyl  alcohol-benzyl  alcohol  (?0%-15%-l^  ly 
volume)  mixture  and  an  additional  10*  of  the  total  volume  of  hydrocarbon 
solution  as  water  added  to  facilitate  gelation.  Helatlve  to  unsubstMutec 
aliphatic  amines,  aroinatlc  substltutents  located  one  or  more  carbons  away  from 
the  amino  group  provided  Increaiaed  gel  strength.  Allcydlc  substltutents 
(as  In  cyclohexylomlne  ) are  also  conducive  to  gel  strength.  Polycyclic 
structure  (as  is  the  case  in  Amine  D and  with  1-amlnomethylnaphthalere)  in  the 
geiant  Is  very  conducive  to  gelation  and  gel  strength.  Ulefinlc  character 
(e.g.,  oleylamlne)  Is  weakening,  as  Is  branching  near  the  amino  group.  Primary 
amines  are  stronger  than  secondary  amines  as  gelling  agents,  and  tertiary 
amines  are  extremely  poor. 

Pur.*  hydrocarbons  give  greatest  gel  strengths,  with  multi -component 
mixtures  such  as  Is  the  case  Mi+h  No.  2 Puel  Oil,  JP-5,  Navy  Kesldual  Fuel 
CH  #6,  etc.  are  less  effective.  Unsaturation  In  the  hydrocarbon  is  an 
especially  desirable  featurei  aromatic  and  oleflnlc  hydrocarbons  are  superior 
to  saturated  hydrocarbons.  Chain  branching  and  allcyclic  character  are 
weakening.  Higher  chain  lengths  are  favorea  over  lower  chain  lengths.  The 
stronger  gels  were  formed  more  quickly  than  the  weaker  gelsi  benzene  gels 
almost  immediately,  whereas  JP-3  required  6 minutes.  (In  each  case,  in 
this  investigation,  a 12*  solution  of  a mixture  of  70*  Amine  u,  15*  ethyl 
alcohol,  and  15*  benzyl  alcohol  wa.s  pr'-pared  with  the  hydrocarbon,  this 
floating  a:  a 10  mm  Ih1<k  allrk  tiver  ^ : he  hy]  r«)i'rtrU.)n-,  1 n vo;.' 1 (.m’.i-u 

wft'o  raiikiHl  qua  1 1 1 at  1 V*- ly  In  oniwr  ol  oe'T»*.\«il  nc,  g'l  .irntu/>h  (.er  ' i,,- 
following  oraen 
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Pencen'' 

l-Moriecene 
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H«rane 

r,yr  loht'xane 

,4  ■'rltnct  hylpontane 
AV'1A3 

Nr  ? -\f-l  Oil 
,■  V- 

N.i.y  ilcuial  bpeclal  oH  ^ 

(^>ct?rir  lor  Na.-v  Healaual  bpeelal  Oil  #t>,  all  t.he  hyarocarbons  llcted 

abovr  Kav-'  sat  1 a''t  ory  (?el  strenfrth.s  in  teras  of  Indlcatoa  ability  to  b« 
harvfifit(»o  in  typl  a'!  harbor  or  ocean  conditions,,  l.e.,  Buch  more  reaciiiy 
tpan  *ho  unite;  j »ic  hvo:  o'-arbon . Navy  HesAuiial  opoclal  Pud  Ul  1 •b  wab 

'.o  .so*,e  «yr:nt,  hut  It  was  sufficiently  highly  viscous  to  begin  with, 
so  ’.h.;.T  i^  w,n.’iiJ  rreo'iaably  be  cifficujt  to  iBpart  to  It  any  significant 
increase  In  tenacity.  Because  of  its  very  high  viscosity,  it  was  extremely 
clffi’ult  TO  produce  a hoaogeneous  solution  of  the  aaine  gelant  with  this  olli 
unaer  any  ccnccivable  harbor  or  ocean  situation  this  would  not  be  at  all 
rrH'-tlcal . ' 

"h-  Ir.N:  1 lav  between  gebation  tor;hniques  and  other  multl-eieBent  confine- 
ment metnods  was  investigated,  un  a laooratory  scale,  .it  was  found,  as  we 
expected,  t.hat  the  cluaps  ot  gelled  oil  could  be  noved  arouna  very  easily 
using  either  air  or  water  jets,  and  by  the  same  techniques  directed  into 
any  position,  on  both  laboratory  and  field  test  scales  (for  the  latter,  see 
^iec*ion  of  this  report),  the  alcololic  solutions  of  Aaine  iJ  were  found 
totally  coBpatlbie  with  Navy  Piston  Ul...  Pll«i  gel  formation  occurred  without 
art>arei)t  inhibition  when  Piston  oil  '■'ilB  was  sixed  with  the  amine  prior  to 
spraying  over  o* i slick  r.  -"aces!  and  "loose"  ( ungelleo ) oil  mixed  wi*n 
eullea  oil  was  succe-ist  ui  ly  herded  by  aopllcation  ot  minute  amounts  Piston 
L-11  Fil*. 

H.  Investigation  o'  toxicity  of  Amine  U to  marine  organisms. 

This  study  was  oe.'-Tormed  ^n  toto  by  workers  at  bla.s  Research  I>aboratorles . 

Initially,  the  toxicity  stud’es  were  begun  using  the  mixture  of  doaecyl, 
tetradecyl,  ir-1  hexadecyl aminos  cited  in  section  A.  of  this  repor*..  "'his  agen 
was  abandontJoa,  however,  when  we  ascertained  early  in  the  overall  I nve.s' 1 gati  <j 
that  Amine  solutions  would  be  the  no'-’  promleine  agent.s  <,!  • stcoleo  ui. 
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to  that  tlKiei  and  all  Marine  orffanlsn  toxicology  atudloa  were  perfor«e« 
uulnx  Amine  i)  with  nnough  ethyl  alcohol  to  provide  sufficiently  low 
vluccalty.  (The  auporloi  performance  provided  by  admixture  of  t>en7,yi 
aUohol  to  the  Amine  ;i  - ethyl  alcohol  mixture  was  n .t  an^-ertalned  until 
well  after  1 he  Amine  i;  toxicology  atudlea  had  commenced.  Therefore,  It 
wan  not  coiii.l'jerfwl  teanlble  to  recommen''e  the  utudles  uainx  the  benzyl 
alcohol  addltlvei  i*orf(,vor,  the  all<?ht  «oxlclty  that  ml  cht  be  Imparte^i  by 
I he  twn? 7 1 alcohol  to  the  mixture,  by  l*HBlf,  was  felt  to  be  detrimental 
to  till'  1 Mtcrpretat.lon  o?  extent  of  toxicity  of  the  Amine  i>.  ) 

'h'l  lliial  provldofl  by  the  ;jlan  Hoaearch  Lahoratory  uni'*  1:; 

in' l.ide<i  In  thin  liepori , an-  Appendix  H.  hy  way  of  brief  Bummary  of  th" 
to/l'’oiop.“  otii'ilfla,  th"  followln<^  facts  were  ascertalnedi 

1.  Amin*-  r bv  Ittu'lf  in  of  about  the  name  or  perhaps  ellghtly  /rreater 
tuxlcltv  than  No.  H Puel  Oil  alone,  with  Byner^.lstlcallv  Rreater 
i ' hnuirh  not  mich  no)  toxicity  of  mixtures  of  Amine  i)  and  No.  / 
l''uol  (.ill  relative  to  the  toxlcltv  of  the  oil  alone. 

r.  The  dll  I* Ion  elfocte  provided  In  any  conceivable  operational 
Ml(uatlf,r.,  l.e,,  In  water  depths  of  more  than  two  feet,  would 
oompleteiy  eliminate  any  toxicity  effect,  exerte<l  by  the  amine. 

'/'he  amine  1((  extremely  Inmclubje  In  water.) 

1,  I’Ivnn  In  the  cl.ih  of  very  shallow  water  operatlonn  (I-?.,  with  a 
water  column  ot  letn.  than  two  teet),  toxic  efl'erte  could  be 
acceptably  reduced  If  clean-up  operatlone  were  to  ensue  In  a 
reasonably  short  tine  interval  (l,e,,  within  an  hour  or  two) 
aflsr  application  of  the  amine  to  a floatlnR  oil  slick. 

4,  Kssentlally  no  greater  toxlcltv  hazard  l»  posed  by  the  use  ot 
Amine  I)  than  is  poaed  by  the  existence  of  the  oil  ellck  Itsell . 

(1,  i>eve_l_opment  of  a test  plan  and  receipt  of  government  approval. 

A master  Test  Plan  (see  Appendix  B)  wae  prepared  by  the  JHF  Scientific 
Corporr.llon  for  a lleld  teat  In  Bouton  Harbor.  As  originally  prepared,  no 
pruvldlon  wau  Included  lr,r  um*  ot  t hi-  amine  Rslllng  .igent  ; thlii  was  to  !<•- 
fii'ivldeil  by  amindmcn  I , pending  • In'  a val  1 aid  1 1 ' y of  i ,i  voi  .i  ii|  <■  ' ox  1 < i,) y -la’a. 
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Iho  changeover  from  toxicology  studios  on  tho  dodecyl-/tetranecyl-/hexa- 
decylanlne  syste*  to  the  Anine  1)  system  posed  one  element  of  delay,  however. 
Moreover,  the  relatively  low  toxicity  Indicated  by  the  manufacturers  of 
Amine  j ieo  us  to  assume  initially  that  there  would  be  insignificant  marine 
organism  toxicity  apparent  at  the  onset  of  the  studies.  The  extra  effort 
and  time  required  to  demonstrate  conclusively  that  the  operational  hazard 
would  indeed  be  insignificant  made  it  clear  by  summer  that  the  incorporation 
of  toxicology  data  sufficient  to  ensure  government  approval  of  use  of  the 
Amine  u agent  would  be  Infeasible,  at  least  in  time  to  ensure  an  autumn 
test  In  Boston  Harbor. 

Accordingly,  we  requested  and  received  permission  to  perform  the  field 
test  In  the  .IbK  test  tank  at  the  new  .IBF  Corporation  facilities  in  Wilmington, 
Massachusetts. 

IJ.  Investigation  of  practical  methods  of  application  of  gelling  systems  to 

oil  s 1 1 . 

'or  laboratory  scale  studies  of  methods  of  application  of  the  gelant  to 
oil  slicks,  an  eight-foot  diameter  plastic  swimming  pool  was  set  up.  A ‘*0  cm, 
boon  was  floated  In  the  pool.  Inside  of  which  hoop  was  placed  the  oil  to 
be  gelled.  (See  Figure  ],  page  12.) 

Our  first  effort  Involved  the  use  of  a simple  garden  sprinkling  can, 
from  which  wo  applied  as  uniformly  as  possible  the  requisite  amount  of  Amine  v 
solution  to  the  oil  to  afford  (usually)  a 1056  solution  of  the  Amine  b mixture 
with  ethyl  and  benzyl  alcohols  (7056  Amine  D,  1556  each  for  the  alcohols;  In  the 
oil.  (Thus,  a 7^  amine  solution  would  be  afforded.)  The  success  in  attaining 
a good  uniform  gel  by  this  technique  in  shown  In  Figure  ^ (page  13). 

Encouraged  by  these  results,  we  then  turned  to  a oalnt  spray  gun  as  a 
prototype  spraying  device  for  applying  the  amine.  In  the  reservoir  of  the 
sprayer  was  placed  the  requisite  volume  of  Amine  U solution.  CO2  gas  was 
then  released  through  the  spraying  apparatus.  In  either  of  two  modes  1 

(a)  AS  a propelling  gas,  forcing  the  amine  contents  through  the  spraying 
nozzle  by  being  led  Into  the  reservoir  Itself . This  was  the  most 
efficient  method,  In  terms  of  pressure  requlreu  and  spray  droplet 
size.  However,  the  carbaunatlon  of  the  amine  in  the  reservoir 
proceened  quickly  and  thoroughly  enough  that  wlthlr  a lew  f.ernnd:. 


A solution  of  35  ■!.  Anlno  D,  15  al. 
bentyl  alcoholi  and  3^  No.  2 fuel 
oil  (total  voluBO,  378  ml)  7%  Amine  u) 
placed  within  ^0  ca.  dlaater  hoop.  30  g. 
powdered  Dry  Ice  was  then  applied. 


B.  Six  minutes  later;  gellation 
ic  coapiete. 


C.  Gel  strength  Is  sufficient  to  permit 
removal  of  hoop;  gelled  oil  dof s not 


C.  six  •inutvs  «ft«r  uiln*  tr«ata«nt, 

«•!  is  •■■•ntUlly  coaplattly  fonad. 


D.  C®3  etrenjrth  1»  Bufflcl*nt  to 
peralt  reooval  of  hoopt  gollad 
oil  does  not  spread. 


th«  nozzle'  orifices  heeajne  plugged  up  by  the  seei -solid  amine 
carbamate  (formed  by  the  reaction  of  the  amine  with  the  nropellant 

■10^  ras ' . 

(t'>  elth  the  gas  bypassing  the  reservoir,  drawing  up  the  amine 
solution  b/  suction  (the  Venturi  ©’•inclole).  In  this  node,  the 
amount  of  pressure  required  (in  excess  of  SO  psi)  to  effect  plckun 
of  the  anine  solution  caused  the  formation  of  a tog.  of  very  fine 
liquid  Qconlets  In  the  spray.  Thla  wae  an  adverse  effect  for  two 
reasons! 

(1)  Ever,  verv  slight  winn  velocities  In  the  scraying  area  were 
sufficient  to  blow  the  spray  off  tne  desired  sprav  pattern; 
it  was  determined  that  less  than  one  fourth  of  the  desired 
quantity  of  anine  intended  to  be  delivered  to  a give.n  oil 
slick  area  actually  landed  on  that  area,  even  unaer  ideal 
conditions.  Larger  llould  drop  sizes  were  required, 

(2)  host  Ifliportantly,  the  emlne  solution  in  this  fog  for* 
posed  a severe  choking  problen.  It  Is  conceivable  that, 
despite  the  low  toxicity  of  Anine  U,  a very  serious  health 
problem  could  result  from  use  of  Anine  U fogs,  tne  possible 
explanation  of  the  choking  character  of  the  fog  could  be 
formation  of  Anine  l)  carbanate  upon  respiration  of  the  fog 
Into  the  lunge,  by  reaction  of  tno  anine  with  In  the 
lung,  and  clogging  of  the  alveoli  in  the  lung  by  the  gunny 
particles  of  the  carbanate.  For  this  reason,  It  is 
reconnended  that  anine  solutions  NOT  be  applied  as  fogs. 

Another  aevlce  with  which  we  experimented  was  a lb,  fire  extinguisher  of 
the  CU2  type.  In  the  hom  of  which  wae  inserted  a Devllbls  atomizer  (of  the  kind 
used  for  throat  spraying).  Pressurized  nitrogen  psl ) was  useci  to  spray 
the  anine  solution  through  the  atonlzer  Into  the  hom  of  the  extinguisher,  which 
was  slnultaneously  activated,  releasing  solid  and  gaseous  00^  Intemlxea  with 
the  anine  spray.  Excellent  results  were  obtained  for  up  to  a half  minute  of 
spraying.  Indicating  that  the  Anine  I)  could  be  sprayed  onto  the  oil  slick  as 
the  pre-forned  carbanate  and  still  produce  gelation  of  the  hydrocarbon  olJ 


slick.  However,  the  cold  frozen  CO2  In  each  instance  caused  eventual  freeze-up 
In  the  atonlzor  of  the  Amine  D solution.  Moreover,  the  amount  of  CO^  required 
for  this  type  of  operation  was  astronomically  lairgei  a tvpical  experiment 
would  utilize  35  pounds  of  CO2  in  the  extinpjisher  to  mix  with  i lb.  of  amine 
D solution. 

'^he  fact  that  the  carbamate  could  be  oreformeo  and  then  applied  to  ^he 
oU  slick  and  si  111  obtain  Relation  encouraged  us  to  experiment  with  Amine  D 
carbamate  (which  Is  a gummy  whit*>  sollo)  by  Itself  and  in  various  solutions. 

We  were  uniformly  unsuccessful  In  this,  although  we  are  still  working  on  this 
possibility,  since  It  would  obviate  the  requirement  lor  carrying  CO2  in  any 
form  on  the  recovery  craft.  With  the  Amine  U carbamate  Itself,  the  gummy 
character  of  the  solid  prevented  any  reduction  to  fine  pa’n.lcle  form,  which  In 
turn  would  be  necessary  In  order  to  achieve  good  homogenrous  distribution  In 
an  oil  slick,  ^'he  amine  carbamate  Is  reasonably  solubl  * in  such  protlc  solvents 
as  methyl  and  ethyl  alcohols,  ana  also  In  UMSO.  However,  these  solvents  tend 
to  carry  the  amine  solute  Into  the  water  rather  than  Into  the  oil  slick.  Although 
the  carbamate  then  re-preclpltates  (on  contact  with  the  water),  the  solid 
carhomte  In  the  water  has  little  If  any  tendency  to  mix  with  the  overlying  oil. 

Our  earlier  success  with  the  gravity  fed  garden  sprinkler  thus  brought  us 
hack  to  this  type  of  svstem,  with  the  one  modification  of  providing  a means  of 
pressurizing  the  amine  solution  so  that  a greater  area  of  application  could  be 
realized.  After  attempting  to  construct  some  laboratory  prototypes,  all  of 
which  proved  unwlcldly,  a 3.3  gallon  Chapin  No.  135  band  pumped  compressed  air 
garden  .sprayer  was  selected  as  being  acceptable  for  use  In  field  test 
operations.  Figure  1 (page  1?)  Illustrates  the  use  of  this  sprayer. 

building  the  test  system. 

(See  discussion  Immediately  above.) 

F.  Testing  the  system  In  the  JBF  test  tank  (vice  Boston  Harbor). 

AS  Indicated  In  the  discussion  unuer  c.  above.  It  haa  p: ovec  inf  eai>i  tie 
arrange  a test  of  the  system  In  Boston  Harbor,  as  had  been  provided  in  tne 
original  proposal,  and  accordingly  we  haa  requested  ana  received  nerml.ssion  to 
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perJoi:a  '■  i'.'  flela  test  in  the  JBF  test  tank  at  Wilminf^ton,  Massachusetts. 

For  this  test,  scheduled  for  20-21  Secteaber  1976,  we  were  requested  by  the 
NHL  BclenMflc  iiff  icnr  to  achieve  the  following  goai.s  ( ccrresponaence  of 
27  July  1976)!  (see  Anpendlx  E) 

(1)  Determination  of  the  feasibility  of  ^ situ  oil  snlll  gelation  usinr 
the  develoT3e<l  amine  carbamate  aoproach  under  field  conditions, 

(2)  Evaluation  o*"  the  effectiveness  of  devices  for  apnlylng  gelation 
arents, 

(j)  Studies  ol  th-^  ability  o{  oil-spill  removal  system.'^  to  harvest  the 
gelled  petroleum  oil. 

(4)  Determination  or  the  possibility  of  premixing  the  amine  and  CO^  prior 
to  t.helr  contact  with  the  floating  oil  and  the  properties  of  '■he  gel 
produced  by  such  a procedure. 

(^)  Oil-collecting  agents  (Piston  Film)  will  be  used  to  confine  some  of 
the  test  spills  to  determine  the  advantage  of  preventing  spreading 
of  the  spill  prior  to  gelation. 

For  the  test  operation,  the  test  tank  was  boomed  off  into  two  small  and  two 
large  quadrants.  The  sequence  of  events  for  each  of  the  quadrants  utilized 
In  the  test  operation  is  provided  in  this  report  as  Appendix  D.  (Notei  the 
optional  nighttime  fluorescence  test  was  not  performed.)  A dlscuaslon  of 
each  of  the  phases  of  the  test  operation  follows. 

I.  Small  quadrant  testj  (see  Figures  3,  U,  3,  6,  17,  pp.  17  - 21) 

A.  Sequencei 

1.  Apply  2 gallons  of  Uiese]  fuel  to  surface  of  pool. 

Apply  small  quantity  of  Piston  Oil  Film  to  assist  in  containment 
of  slick. 

3.  apray  0,3  gal.  (making  for  15*  vol./vol.  concentration)  of 
solution  of  Amine  D (70*  U,  15*  ethyl  alcohol,  15*  benzyl 
alcohol)  on  surface  of  slick. 

4.  Apply  powdered  Dry  Ice,  Let  stand  for  .5  minutes  for  gelatio.t. 

5.  Recover  gelled  slick  using  sieve. 

6.  Ap|i|y  Pi.'jton  F’ Im  to  any  r>fuidual  ungellod  oil, 


i 
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Fig.  5.  Gelled  fuel  oil  after  anlne  spraying  and  carbonation  treataent. 
The  gel  consistency  Is  sufficiently  rigid  to  permit  coaplete 
recovery  by  aeans  of  hand  held  sieves,  as  shown  above. 


<?lg.  7.  Celled  oil  (vhlte  lumps)  together  with  ungelled  oil  (dark  patches), 
tlie  mixture  of  which  has  been  subjected  to  action  by  Navy  Piston 
Oil  Film,  "^hls  test  strongly  indicates  that  gelled  oil  can  be 
-heided"  in  the  same  manner  as  ungelled  oil  by  such  collecting  agents. 


P.  Cbie''tlve8i 

1.  Oenonsirate  spraying'  technique  and  subseouent  apolicatlon  of  GO,. 

2.  ueraontit  rate  conpatlbVI  1 ty  of  Aaine  w syst^■m  with  PJston  rllm. 

3.  oeaonst. rate  aievlnc  technique  for  har-/-stlng  of  f.pllea  sllok. 

C-  PesultS! 

1.  HoBOgensous  application  ol  Aalne  I)  to  oil  slick  was  achleveo 
usIpiF  the  soray  technique. 

i.  1 iston  '^ila  dtd  not  In'erfere  with  subsequent  anplicatlon  of 

amine  or  with  gelation  results.  As  shown  in  t'igure  ? (page  21,) 
oil  "hen  .idded  to  gelled  oil  was  then  treatt-d  with  snail 
amounts  of  Piston  Film:  both  oil  ana  geileo  oil  were  successfully 
"herded"  using  this  technique. 

3.  Sieving  Is  a viable  technique  for  harvesting  of  gelled  oil. 

Large  quaaipant  testt  (see  Figures  B,  9 and  10,  par.e.s  ?3  - 2S) 

A.  Sequence  I 

1.  Apply  S gallons  of  previously  mixed  No.  2 fuel  oil/A*lne  u solution 
^*♦.1  gal,  oil  and  0.7  gal  Amine  D solution,  for  a 1 concentration 
of  the  amine  solution,  and  a 10^  concentration  of  amine l. 

2.  Ln;st  with  powdered  inry  ice. 

■<.  Harvest  with  DIP. 

B.  Ob.iectlvej  to  demonstrate  harvesting  technique  ana  compatibility  with 
DIP  craft . 

C.  Gommentsi  prealxlng  of  oll/amlne  solatlon  was  necessary  Inasmuch  as 
the  sprayer  would  not  reach  all  dimensions  of  the  large  quadrant. 

D.  Hesultsi 

Prior  to  this  teat,  a similar  test  was  perldrmed  using  ordinary 
oil  (dyed  red  for  greater  vlalbllltyi  see  Figure  8,  page  23,).  Using 
the  DTP,  approximately  1 hour  was  required  to  recover  all  t.uat  was 
feasibly  recoverable,  i.e.,  about  of  the  soil.  As  Is  the  case 

In  any  ungelied  oil  situation,  the  tendency  of  ‘he  oil  to  u.-ift 
back  over  cleared  areas  consi.iuraoly  conip  1 1 t.i  • c,  "he  h.irve.t  ing  of 
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Fig.  8.  Ungelled  oil  (dark  patches)  shown  drifting  tack  in  the  wake  of  the 
DIP  recovery  craft,  which  is  picking  up  oil  at  the  bow  of  the  vess, 
This  terKlency  of  ungelled  oil  to  drift  tack  over  cleared  areas  is  ; 


Fig.  10.  Forward  view  of  DIP  craft  In  process  of  recovering  gelled  oil. 


meaningful  quantltiee  of  the  oil. 

As  shown  In  Figures  9 and  10  (pages  24  and  25)t  gelation  of  the 
oil  renders  the  oil  relatively  Imaobllei  there  is  little  if  any 
tendency  for  the  gelled  oil  to  drift  back  over  cleared  lanes, 
and  llttje  if  any  tendency  for  the  gellwi  oil  to  move  away  as 
the  recovery  craft  approaches,  Moreover,  the  visibility  of  the 
gelled  oil  Is  very  considerably  enhanced,  due  to  the  white  color 
of  the  >';el . 

ADDITIONAL  OBJKGTIVES  AND  TASKS  OEVigLUPKD  DUHING  THF  CQUHSK  OF 

In  ahdl*  Son  to  the  ob.lectlvea  and  tasks  discussed  above,  several  new  avenues 
for  research  efforts  along  the  lines  of  the  project  opened  up  during  the 
course  and  as  a result  of  the  project  research.  These  are  discussed  below. 

1 . Hedustlon  of  volatility  by  gelation  of  hydrocarbons . 

flarlv  in  our  project  work  we  observed,  qualitatively,  a rather  marked 
decrease  in  eitanratlon  rate  of  the  more  volatile  hydrocarbona  being  tested, 
when  these  had  been  gelled,  relative  to  the  ungolled  hydrocarbons.  7'hls 
observation  was  noted  In  our  first  two  project  reports.  By  correspondence 
dated  1 March  1976  (see  Appendix  E)  the  NHL  Scientific  Officer  noted  that 
such  an  effect  could  be  of  importance  not  only  in  terms  of  Immobilizing 
spills  of  flammable  Jet  fuels  and  gasoline,  but  also  in  decreasing  the  hazards 
(vapor  and  fire)  attendant  with  such  liquids,  and  encouragement  was  given  to 
further  tests  along  these  lines. 

Accordingly  w»  devised  a crude  tut  effective  volatility  measuring  device 
which  provided  remarkably  good  reproducablllty  In  the  various  tests  performed 
in  this  modlf  1 o,?tlon  of  a wind  tunnel)  see  Figure  11  (page  27).  Within  the 
tunnel  was  placnd  two  dishes  containing  equal  amounis  of  water,  on  which  was 
floated  equal  amounts  of  a given  hydrocarbon,  one  sample  being  gelled  with  a 
lOil  Amine  D/ethyl  alcohol/benzyl  alcohol  solution  and  the  other  sample  being 
ungelled.  A fan  controlled  by  a variable  transformer  blew  contrerjeo  rates 
of  air  over  these  samples,  the  wind  velocity  helnn  mea-'iured  Py  an  'ineaometer 
at  the  other  end  of  the  tunnel.  At  one  minute  Intr-rvair,  vP*-  we/*- 

removed  ana  weighed  to  determine  weight  loss  of  hyuroc.irlKin  by  cvaporai  1 on . 


^'l('ure  11. 
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Initial  water  temperatures  were  established  at  20°  C.  (68°  F)s  varying 
amounts  of  cooling  occurred  during  the  evaporation  tests,  depending  on 
the  volatility  of  the  hydrocarbon  being  testedi  as  would  be  anticipated, 
the  ungelled  samples  cooled  more  than  the  gelled  samples,  which  underwent 
less  evaporation.  On  this  basis.  If  constant  temperatures  had  been 
malnlalne*!,  It  would  be  anticipated  that  the  ungellefi  samples  would 
evaporate  even  more  rapidly  than  the  glled  samples,  than  was  observed 
In  these  tests. 

Using  a pure  volatile  hydrocarbon,  cyclohexane,  and  with  a wind  velocity 
of  707  feet  per  minute  (about  7-6  knots),  a loss  of  l8.0  g.  of  ungelled 
cyclohexane  was  experienced  In  17  minutes,  compared  to  a loss  of  only 
5.8  g.  of  gelled  cyclohexane  In  this  same  amount  of  time.  With  AVGAS  145, 
ongolled  AIT.AS  evaporated  almost  exactly  twice  as  fast  as  old  gelled  AVGAS. 

J . Heductlon  of  flammability  by  gelation  of  hydrocarbons. 

Based  on  the  foregoing  Investigation  of  volatility  effects.  It  was 
attractive  to  Investigate  the  possibility  of  reduction  of  flammability. 

( ur  Initial  studies  tended  to  Indicate  that  vei7  drastic  decreases  In 
flaamabllUy,  far  more  than  should  have  been  aunticipated  (from  this 
position  of  hindsight),  were  being  afforded  by  gelation  of  materials  such 
as  gasoline. 

As  an  example,  in  the  test  operation  at  the  JBK  facilities  on  2U  - 21 
September  1976  (see  Appendix  D),  the  following  scenario  was  proposed! 

III.  Flame  suppression  testi 

A.  Apply  1 mm  film  (75  ml)  of  ungelled  f^ollne  to  surface  of 
10  ft  X 1"  (deep)  X 1”  (wide)  trough  filled  with  water. 

B.  Ignlie  downwind  end  of  trough  and  tine  spread  of  flame  down 
trough. 

C.  After  fire  has  bumea  out,  apply  75  ml  of  85<  gasoline  - 
151<  Amine  D solution  to  trough,  Uist  with  powdered  Dry  Ice. 

U,  Sot  fire  to  downwind  end  of  trough)  gellea  film  probably  wl ] 1 
not  ignite  or  wll]  bum  very  slowly  down  length  of  trough 
If  ignition  does  occur. 
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As  set  up,  the  scenario  wozlced  perfectly!  the  ungelled  «asollne  burned  readily, 
requiring  about  a second  or  less  to  sweep  down  the  trough i and  the  gelled 
gasoline  did  not  bum  at  all,  even  when  pieces  of  the  gel  were  exposed  to  a 
blowtorch  flane  while  In  the  trough  (although,  when  renoved  froe  the  surface 
of  the  water,  slow  burning  did  occur). 

Inbued  with  the  success  of  this  exoerisent,  the  Principal  Investigator  then 
repeated  the  experleent  using  a little  over  200  si  of  gasoil ne-Aalne  n soultlon, 
thereby  orovlalng  a 3 fH«  of  gelled  gasoline  after  treatment  with  the  Dry 
Ice.  On  applying  a natch  to  this  trough  experiment,  the  gelled  gasll^.ne  burst 
Into  flames  which  rapidly  spread  down  the  trough. 

The  NRL  Scientific  Officer,  Di".  fArrett,  suggested  a probable  reason  for 
the  anomalous  behavior,  this  being  that  thin  films  of  gasoline  (ca.  1 nn 
thick)  over  water  bum  less  readily,  apparently  due  to  neat  exchange  into  the 
water,  than  do  thicker  films  of  fuel. 

It  should  be  noted  that  the  1 am  film  of  gasoline  (ungellod)  did  bum,  and 
the  1 mm  film  of  gelled  gasoline  did  notj  this  in  Itself  could  suggest  that 
thin  films  of  volatile  flammable  fluids  might  be  gelled,  feasibly,  to 
suppress  ignition.  Moreover,  a series  of  tests  performed  subsequently  on  a lab> 
oratory  scale  (see  Figure  12,  page  30),  Indicate  that  perhaps  gelled  fuels 
bum  more  slowly  with  less  Intensity  than  do  ungelled  fules.  Finally,  the 
decreased  volatility  of  gelled  hydrocarbons  suggests  that  the  flame  hazard  In 
♦arms  of  nearby  sources  of  Ignition  could  be  significantly  reduced  bv  gelatlont 
future  work  along  these  lines  is  proposed  in  the  next  section,  dealing  with 
"Recommendations  for  Future  Work". 

K.  Ultraviolet  fluorescences  as  a means  of  enhancing  visibility  of  gelled  and 
ungelled  oil  elicks. 

This  work  was  not  carried  to  a completion  in  terms  of  obtaining  fully 
quantitative  results.  The  results  were  promising  enough  to  Indicate  that  further 
work  should  be  perfomedt  agsin,  this  will  be  discussed  in  the  next  section. 

Using  a sample  of  a bottle  labeld  "Venezeualn  Crude  Oil"  found  In  one  of 
the  store  rooms  at  this  University,  a thin  slick  of  the  oil  was  applied  to  a 
small  pool,  and  the  slick  illuminated  by  both  short  amd  long  wavelength  iiv 

nm  and  366  nm).  borne  fluorer.cence  was  noted  ai  the  long  wavelength 
Illumination,  but  probably  not  enough  for  operational  u;;e.  n<,.  y KuH  (d  i an'i 

olmllar  refined,  distilled  stocks  ylel<le<i  even  l-s;,  f ! uoreiicorice,  i.hou*/h  there 
was  some  In  every  instance. 
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A.  Dish  at  Isft  contains  un^allad  B.  Unveiled  gasoline  in  dish 

gasolinoi  hunting  «ith  greater  at  left  is  beginning  to 

intensity  than  the  gelled  bum  outi  gelled  gasoline 

gasoline  in  dish  to  right.  is  burning  more  slowly. 


C.  The  ungelled  gasoline  has  burned  o<it| 
gelled  gasoline  continues  to  burn. 


It  was  found  that  application  of  an  oil  soluble  fluorescing  agent  (e.g., 
oil  soluble  Hhodaraine  B)  in  minute  quantities  producea,  as  would  be  **xoectea, 
very  visible  fluorescence  oven  with  the  low  level  long  range  UV  light  source 
which  we  utilized. 

CONCLUSIONS 

Laboratory  tests  Indicate  that  a solution  of  7C«t  Amine  D,  15^  ethyl  alcohol 
and  15'^  benzyl  alcohol  when  appllea  to  a concentration  of  about  10%  to  oil 
slicks  gave  excellent  gelation  of  the  oil  after  treatment  with  powdered  Dry 
Ice.  With  the  exception  of  Navy  Heslaual  Special  Fuel  Oil  #6,  all  hydrocarbons 
testea  were  successfully  gelled)  these  included  a variety  of  pure  hydrocarbons 
and  such  Important  mixtures  as  JP-5t  AWCAS  14^,  No.  2 Fuel  OH,  Diesel  fuel,  auid 
similar  items  of  commerce.  Film  thickness  does  not  appear  to  be  a significant 
factor;  high  water  temperatures  (above  80°  F.  ) gives  poor  results  for  some 
hydrocarbons,  b*)!  over  most  operational  temperature  soans  temperature  does  not 
apoear  to  be  Important,  nor  does  salinity.  Larger  scale  flelo  tests  eeafim  these 
results,  and  Indicate  that  gelation  of  hydrocarbons  by  this  process  offers  very 
significant  advantages  in  the  recovery  of  the  floating  oil  slick.  This  Is 
particularly  the  case  in  terms  of  the  ease  of  pick-up  of  the  gelled  oil)  the 
Immobilization  of  the  oil,  which  tends  to  keep  the  slick  from  drifting  back  over 
previously  cleared  areasi  and  the  greater  visibility  of  the  gelled  slick.  OH 
gelled  In  this  manner  can  be  very  easily  harvested  using  conventional  ULP  craft 
or  even  by  nets  or  sieves,  manually  opfT-ated. 

There  is  a low  order  of  toxicity  associated  with  the  use  of  Amine  u,  in  tetns  of 
exposure  of  marine  organisms)  however,  this  is  of  the  same  order  of  toxicity  as 
Is  that  of  the  oil  slick  in  which  It  would  be  distributed;  with  water  depths  of 
more  thaji  two  feet,  the  toxicity  problem  Is  negligible. 

There  is  a significant  (ca.  50%)  reduction  In  evaporation  rate  of  gelled,  compared 
with  unpellnd  hydrocarbons.  This  factor  would  be  Important  in  terms  of  reduced 
vapor  hazards  and  perhaoa  fire  hazards. 

Ultraviolet  fluorescers  as  additives  to  the  gelling  agent  or  to  the  oli  uilck 
Itself  were  studiea  anu  round  to  have  oromlse  In  rerm:,  n)  ! n-.  •le', 

visibility  for  nighttime  operations. 
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RECOMMENDATION C EL'H  FDH!'HEh  WORK 


Based  on  the  results  of  this  Investl Katlon,  the  fol lowing  toplor,  appear  worth 
of  further  research  and  development j 

].  Field  test  at  sea  or  In  open  harbor,  using  the  technology  developed 
in  this  investigation. 

2.  Design  and  ntanufacture  of  prototype  equipment  for  use  In  DIP  craft 
for  anpllcatlon  of  amine  ard  CO2  lo  oil  slick.s. 

3.  Development  of  a solubilized  Amine  1)  carbamate  (l.e.,  Amine  I)  pre-treated 
with  CO2).  thereby  obviating  the  requirement  !or  Urv  Ice  or  other 

means  of  carbonating  the  Amine  D after  it  has  been  applied  to  the  slick. 

4.  Use  of  a hydrogenated  derivative  of  Amine  D (whereby  the  aromatic 

ring  would  be  reduced  to  a cyclohexane  ring)  which  could  be  expected  to 
a lower  freezing  point  and  lower  toxicity  than  the  Amine  U Itself, 

5.  Further  study  Into  the  possibility  of  using  Amine  D or  other  amine 
gelling  agents  to  reduce  volatility  and  vapor  a.nd  fire  hazards  posed 
by  volatile  hydrocarbon  spills. 

6.  Use  of  fluorosclng  agents  to  improve  visibility  of  gelled  or  ungelled 
oil  slicks. 

Research  proposals  based  on  these  concepts  are  being  prepared  for  submission 
for  consideration. 
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ACUTE  TOXICITY  OF  HESCULKS  AMINE-D 


(Prepared  by  Sias  Hesearch  Laboratory,  lAhey  Clinic  Foundation) 
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Acute  Toxicity  of  Hercules  Amine-D 


In  an  attempt  to  determine  the  nature  of  the  toxic  substance  or  substances 
in  Amine-D  and  #2  fuel  oil  mix,  several  experiments  were  conducted.  Using  the 
barrier  tank  apparatus  described  in  our  previous  report  (see  attached) , one  ml 
aliquots  of  (?2  fuel  oil  with  3Z  ethanol  added  were  mixed  with  artificial  sea- 
water to  make  up  one  liter  final  volume.  Any  one  of  five  Fundulus  heteroclitus 
taken  from  the  holding  tank  was  checked  at  random  for  nomalcy  and  the  other 
four  were  placed  in  the  test  tank.  At  the  end  of  two  hours  the  fish  were  sacri- 
ficed, and  blood  from  the  caudal  artery  was  analyzed  electronically.  Standard 
slides  for  microscopic  evaluation  were  also  made.  Differential  blood  counts  and 
photomicrographic  Images  were  prepared  from  each  slide.  Figure  (13)  shows  a 
photomicrograph  taken  of  a blood  slide  from  a control  sample  fish  (swimming  In 
a barrier  tank  in  one  liter  of  artificial  seawater.  Figure  (14)  shows  the  change 
in  the  blood  cell  population  of  F.  heteroclitus  subjected  to  970ppm  of  #2  fuel 
oil  in  artificial  seawater  for  2 hours.  Our  previous  work  showed  that  hetero- 
clitus specimens  were  able  to  withstand  5-lOppm  of  Hercules  Amine-D  (solubilized 
with  3%  ethanol)  in  artificial  seawater  for  24  hours  without  exhibiting  any  un- 
toward reactions,  and  that  they  could  withstand  the  mix  of  the  Amine-D,  ethanol 
and  //2  fuel  oil  in  low  concentrations  l0-20ppm  in  artificial  seawater  for  24 
hours.  In  this  latter  case,  however,  the  electronic  monitoring  showed  that  the 
blood  cells  had  been  altered.  In  our  final  experiments,  therefore,  we  stressed 
the  system  and  locked  at  the  acute  toxic  effects  of  the  Amlne-D/ethanol  and  the 
Amlne-D/ethanol  plus  92  fuel  oil  mix  in  688ppm  concentration  and  56ppm  concentra- 
tion respectively. 

Differential  blood  counts  done  on  all  samples  showed  that  the  erythrocyte: 
lymphocyte:  thrombocyte:  granulocyte  ratios  did  not  change  significantly.  The 
electronic  patterns  and  the  optical  microscope  observations  showed  that  the 
erythrocytes  were  effected,  moreover,  fish  on  both  sides  of  the  barrier  which 
keeps  the  Insoluble  chemicals  available  to  only  one  half  of  the  fish  in  the 
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sample  were  effected  similarly,  thus  Indicating  that  the  toxic  chemical  or 
chemicals  are  seawater  soluble. 

Table  1 summarizes  the  survival  data  and  the  chemical  Insults  that  test 
populations  of  heteroclitus  were  subjected  to.  Amine-D  was  added  directly 
to  the  blood  of  heteroclitus  as  a second  type  of  control.  Amounts  of 
Amine-D  in  saline  ranging  from  33ppm  to  full  strength  were  used.  All  blood 
cells  were  altered  regardless  of  the  concentration,  however,  the  effect  was 
similar  to  the  results  seen  in  Figure  (14),  viz.  an  elongation  of  the  blood 
cells  with  little  or  no  cell  membrane  damage. 

Acute  toxic  reaction  in  fish  swimming  in  artificial  seawater  containing 
ethanol,  Amine-D  alone  or  in  combination  with  #2  fuel  oil  effected  the  blood 
cell  membrane  in  a manner  similar  to  that  seen  in  chronic  copper  (II)  toxic  re- 
actions. The  surface  of  the  membrane  loses  its  selective  permeability  and 
spots  appear  fairly  evenly  distributed  over  the  cell  surface.  A difference  be- 
tween the  two  reactions  does  exist.  In  the  case  of  the  Amine-D  reaction,  the 
ratios  of  the  formed  elements  in  the  blood  do  not  appear  to  change.  This  indi- 
cates that  the  mechanism  of  action  Is  different  from  that  seen  in  F.  heteroclitus 
subjected  to  copper  (II)  ions.  The  lethal  Interval  also  is  interesting  for  Amine-D 
toxicity  because  it  suggests  (when  combined  with  earlier  data)  that  the  soluble 
toxin  is  in  the  Amine-D  and  may  be  a contaminant.  We  have  a minimum  of  informa- 
tion sufficient  to  relate  the  lethal  Interval  to  the  Amlne-D  concentration  re- 
gardless of  whether  the  amine  Is  combined  In  a gel,  in  a free  mix  with  #2  fuel 
oil  or  solubilized  in  a small  amount  of  ethanol  follows  a relationship  which  can 
be  predicted  form  Graph  (1).  Amlne-D  concentrations  of  less  than  20ppm  appear 
to  be  able  to  be  handled  by  the  fish  as  easily  as  thi'  fuel  oil  itself  and.  In 
fact,  cause  alterations  in  the  blood  similar  to  that  seen  in  Figure  (14). 

If,  as  we  conclude  from  the  data,  it  is  a soluble  contaminant  in  the  Amlne-D 
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that  la  causing  the  observed  toxic  response,  then  further  testing  will  prove 
the  fact.  Regardless  of  the  toxin,  however.  In  Amine-D  concentration  levels  of 
20ppm  or  less  can  be  accepted  as  safe.  The  concentrations  of  Amlne'-D  used 
to  Incorporate  into  an  oil  spill  at  sea  will  be  mixed  with  a volume  of  water 
sufficient  to  lower  the  concentration  of  the  toxin  to  a safe  level  at  less  than 


2 feet  below  the  seawater  surface  even  under  the  condition  of  no  mixing. 
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' I'.ulated  nuclei  (A)  of  red  blood  cells;  some  cells  show  o 

1'.'.  , of  cyfoplasm  exhibited  by  clearing  rings  (b)  around  nuclei. 
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TEST  PLAN  POH  EVALUATING  AND  DEXONSTRATINC 
JBF  OIL  SKIHMERS  IN  BOi>TON  HARBOR 


(Prepared  by  JBF  Scientific  Corporation) 
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JBF  SCIENTIFIC  CORPORA  TION 


TEST  PLAN  FOR  EVALUATING  AND  DEMONSTRATING 
JBF  OIL  SKIMMERS  IN  BOSTON  HARBOR 

The  conditions  which  will  be  fulfilled  by  the  test  plan  will  be  in  accordance 

with  Section  1 10.  8 of  Title  18  of  the  Code  of  Federal  Regulations  as  follows: 

Paragraph  l.c.  The  purpose  for  discharging  oil  into  the  navigable  waters 

of  Boston  Harbor  is  to  establish  better  methods  and 
procedures  for  operating  in  actual  oil  spills  so  that 
more  rapid  and  efficient  methods  can  be  utilized.  The 
results  of  the  work  will  be  published  by  the  U.  S.  Navy 
and  American  Petroleum  Institute,  Copies  of  these 
reports  are  distributed  throughout  the  country.  A copy 
of  each  report  generated  will  be  given  to  EPA  so  that 
the  irvformation  can  be  further  distributed.  Finally, 

JBF  will  publish  the  results  in  technical  papers  which 
will  be  presented  at  national  ajid  international  oil 
pollution  conferences.  Without  tests  which  discharge 
oil,  it  would  be  impossible  to  develop  the  type  of  infor- 
mation needed  to  improve  the  state  of  the  art. 

Paragraph  l.d.  JBF  Scientific  assumes  all  liability  for  any  personal 

injury,  property  losses  or  environmental  damages 
resultsin  directly  or  indirectly  from  any  testing  or 
demonstration  program,  and  for  all  costa,  including 
costs  or  damages  resulting  from  cancellation  by  the 
Administrator  or  failure  by  the  Administrator  to 
cancel  tests  and  demonstrations. 

Results  of  any  testing  or  demonstration  program  shall 
be  made  available  to  the  Administrator. 

Paragraph  2.  a.  The  work  plan  for  the  tests  and  demonstration  proposed 

is  contained  in  the  following  sections. 
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JBF  SCIFNTIFIC  CORPORATION 


( 1 ) Description  of  Equipment  to  be  Teatcd 

Four  models  of  JBF  Skimmers  will  be  tested  during  the  period  August  1, 
1976  through  July  30,  1978.  A description  of  the  concept  and  of  the  indi- 
vidual models  that  will  be  tested  are  shown  on  the  following  pages. 
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THE  DIP  CONCEPT 


collected  oil 

Dynamic  Inclined  Plane  (DIP)*  skimmers  are  based  upon  the  concept  of 
collecting  the  oil  under  the  surface  of  the  water,  thus  greatly  reducing  the 
effect  of  waves.  As  the  skimmer  moves  through  the  water,  or  the  water 
moves  past  the  skimmer,  the  oil  is  forced  to  follow  the  surface  of  a moving 
inclined  plane  to  a collection  well  underneath  the  skimmer.  Buoyant  forces 
cause  the  oil  to  surface  in  the  well,  forcing  water  out  the  bottom.  As  the 
oil  collects,  it  is  pumped  off  to  storage  tanks.  Separation  occurs  automat- 
ically and  virtually  no  water  is  collected. 

The  moving  plane  is  a heavy-duty  conveyor  belt  which  carries  oil  and 
sorbents  down  to  the  collection  well.  Recovery  is  in  excess  of  90%  of  the 
oil-sorbent  mixtures  presented  to  the  skimmer  mouth,,  in  one  pass  of  the 
unit  and  in  the  presence  of  waves.  A set  of  rigid  articulated  sweeps  is  also 
available  for  attachment  to  the  bow  of  the  skimmer.  These  sweeps  increase 
the  "effective  mouth  width"  and,  hence,  the  oil  collection  rate  by  a factor  of 
three. 

Unique  features  of  the  DIP  skimmers  include; 

• the  ability  to  harvest  any  floating  material,  including  debris 
and  sorbents,  without  changing  the  skimmer  configuration 

• automatic  oi’ /water  separation  so  that  the  recovered  oil  is 
virtually  water  free.  No  water  is  added  by  the  pickup  process. 

% a rugged,  long-life  belt,  that  uses  natural  forces  to  transport 
the  oil  to  the  collection  well.  No  absorbent,  or  flow-through, 
principles  are  required. 

a skimming  may  be  performed  at  speeds,  or  in  currents, 
between  0 and  3 knots 

• excellent  performance  in  waves  since  the  oil  is  collected 
under  the  skimmer 


■ P>»tcntfi  pending 
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DIP  lOOQ  SERIES 

These  units  were  designed  for  use  in  restricted  environments,  under  piers 
and  between  nested  ships,  in  cither  a moving  or  a stationary  mode.  They 
are  cfiective  harvesting  oil  inside  a eontainment  boom,  as  a link  in  a boom, 
or  operating  outside  the  boom. 

The  units  contain  twin  propulsion,  a moving  plane,  a collection  well,  and  a 
pump  to  transfer  the  oil  from  the  skimmer  to  the  pier.  A 25-foot  long  wand 
is  used  to  guide  the  skimmer  through  the  slick  and  the  oil  is  pumped  ashore 
through  the  same  wand.  A rerriote  control  box  provides  the  capability  of 
turning  the  belt,  pump,  and  projnilsors  on  and  off.  These  units  are  air 
operated. 


DIP  2000  SERIES 

This  series  of  skimmers  is  ci^  signed  to  be  used  in  either  a sweeping  or 
stationary  mode.  They  . re  highly  rugged,  portable,  and  can  be  trailered 
and  launched  quickly.  They  can  be  moored  in  a river  or  bay,  where  wind 
and  current  bring  the  oil  to  t.he  skimmer,  or  strapped  to  the  side  of  a vessel 
of  opportunity  and  used  in  a sweeping  mode.  V/hen  operated  with  a support 
vessel,  they  are  effective  in  5-foot  waves.  Units  are  available  with  either 
electric  or  diesel  power. 


DIP  3000  SERIES 


This  series  fills  the  need  lo.  a general-purpose,  fully  self-contained  skim- 
mer to  recover  a wide  range  of  floatablcs  under  conditions  typically  encoun- 
tered in  calm  and  rough  waters.  The  units  are  diesel  powered,  twin  screw, 
and  all  pumping,  propulsion,  and  belt  functions  are  hydraulic. 

DIP  3001  unite  are  25-fo  A long  and  have  a total  onboard  storage  capability 
of  1400  gallons.  Operation  is  highly  effective  in  waves  to  several  feet  and 
at  speeds  to  3 knots. 

The  DIP  3003  is  larger  than  the  3001  and  is  designed  to  operate  in  more 
severe  wave  environments.  It  is  35-£cet  long,  lias  a d>  eper  draft,  larger 
freeboard,  and  can  store  4000  gallons  of  oil  on  board. 

DIP  4000  oERIES 

This  series  of  skimmers  has  been  designed  primarily  for  unmanned  skim- 
ming in  high  waves. 

The  DIP  4001  is  a 26-foot  long,  diesel-hyciraulic,  skimmer  that  can  be 
operated  manned  in  low  sea  st.-ies  and  uniii  macd  in  h'gh  seas.  In  the  un- 
manned configuration,  the  skimiiiur  is  towc  d asteri,  and  to  the  side  of  a 
large  support  vessel.  An  umbilical  betv/een  the  .skimmer  and  the  support 
vessel  is  used  to  transmit  control  signals  to  the  skimmer  and  to  pump 
recoveied  oil  from  the  skimn*er  to  the  support  vessel  for  storage. 

The  skimmer  can  actively  (under  power),  or  passively  (rudder  only), 
change  its  position,  with  regard  to  the  support  vessel,  to  allow  the 
•kimmer  to  follow  the  edge  of  a slick  or  a long  windrow. 
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JBF  SCIENTIFIC  CORPORA  VON 


DIP  \001 


e DIP  3003 


JUf  SCIlNliriC  CORPOnAliUN 


'i'ypoN  of  Oil  tc.»  bo  DiHchdr>;<id 
^*‘iy Oil 

iSoyboan  oil  will  bt;  iiucd  to  siniuliilf  Ibc  li);b1  fr.i'  (iuns,  liko  No.  ?- 
Ivicl  oil.  It  iH  fi  biodcf^ radablo  natural  oil  wbirb  bas  been  (iscd  in 
oil  boom  ovaluriiiune  by  .lohus  Klativilli;  and  tli':  U.S.  Coast  Guard 
off  ihn  cuAht  of  l''loriUa.  It  waa  bclcelccl  by  Jc>lins  .M.anville  and 
syiprovod  by  thfl  federal  and  local  authorities  bee  ausc  it  was  dolor - 
liiinud  to  bo  virtually  h.arrnlou  •<  to  the  envi  lomnent. 

<i.>Ht'jr  on 

Cablor  oil  in  also  hiodegradablti,  bet:au;ie  it  is  a i.«l'iral  oil.  It  is 
used  for  tncdli  inal  ronuumption  in  the  huu'.an  body  and  is  readily 
dtgoiitiljlo  in  anitualii.  AUliou};h  it  is  muc  b innrc^  oxpunsive  than 
aoybonn  oil,  it  ><i  Hcluctcd  bocaufac  ita  proporlio-s  are  much  doner 
to  ttiOHo  of  the  ruHidual  oHa. 

.Soi'hqntg  and  Natural  Floatablos 

fiorbonti  will  lio  used  to  dotcrnilnc  tlio  cffcelivi;neaa  of  the  various 
units  when  used  wttli  nonloxie  sorbeulB,  Typical  sor'jonts  that  may 
be  ueod  are  polyurethane  foam,  Kkoporl,  straw,  and  seaweed. 

Piston  Films  and  GeliinK  Ar«  nt» 

ThfifcO  chemicals  are  for  the  purpose  of  redueiue,  the  interfaeia) 
ten'den  hatv/oen  oU  and  water,  thus  preventing  tlu'  rapid  sproading 
of  oil,  They  are  also  usml  to  lonlrol  tlu;  oil  slitk  by  spraying  very 
Biuall  amounts  around  Itu  poriphery.  Chemje<il!.  of  Hub  type  will 
have  already  boon  approved  for  use  by  the  KnvironiiU'ntal  Protet  lion 
Agency.  Amounts  uBcd  sluill  not  ox<  ecd  i juiHunn/linoar  mite  at 
6 liour  i'ltorvals  and  shall  nut  tu'.  ajiplied  tnu  e than  3 tiniof,  in  a 
Itour  ]»erliid. 


JUr  SCIENTIFIC  CORPORA  TiON 


Fuel  Oils 

Distillate  and  residual  fuel  oils  and  various  mixtures  of  each  will 
also  be  used  in  small  quantities  under  carefully  controlled  conditions. 
The  main  purpose  of  using  these  oils  will  be  to  establish  the  validity 
of  the  tests  performed  with  the  simulants. 

( u . a n tity  o f Qi  1 , Me th od  of  Discharge,  and  Number  of  Te sts 

'iherc  will  be  several  test  situations  ovaliuitcd.  These  will  include  tests  in 
be  ij  .led  -off  areas,  tests  whore  the  oili.s  deployed  immediately  ahead  of  the 
ufiiL,  and  tests  of  free  slicks.  The  free- slick  tests,  however,  will  be  run 
A'i'iii  sorbents,  straw,  and  seaweeds  mixed  with  very  small  quantities  of 
biodegradable  oil  (approximately  5 gallons). 

Oil  Tc.sts  in  Boomed- Off  Areas 


Teats  in  boomed-off  areas  will  be  performed  by  completely  enclosing 
an  area  within  a boom.  The  floatable  will  be  within  the  area,  begin- 
ning with  very  small  quantities  (5  gallons)  and  increasing  gradually 
to  approximately  2‘i  gallons.  The  small  quantities  will  be  used  to 
determine  the  effectiveness  of  completely  cleaning  up  that  particular 
floatable.  Larger  volumes  will  be  used  to  obtain  quantitative  infor- 
mation only  after  it  has  been  determined  that  the  system  docs  do  a 
good  cleanup  job.  Several  tests  that  were  run  witlj  the  DIP  have 
shown  that  this  procedure  is  reasonable.  The  location  of  these  tests 
will  be  between  piers  at  the  oid  South  Boston  Naval  Shipyard 
(Annex).  No  more  than  a total  of  100  gallons  of  Ijiodeg l adable 
oil  and  100  gallons  of  petroleum  oil  will  he  spillt  d for  all 
of  these  tests  and  no  more  than  50  gallons  of  either  type  will  be 
spilled  within  a 24  hour  period.  All  discharges  will  be  made  in  the 
morning  hours  so  that  there  is  ample  time  for  cleanup  opei  ations 
before  dark. 
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Harbor  Tests  of  Oil  Recovery  in  a Skimminp,  M ode 

Skimming  mode  tests  with  the  skimmer  underway;  The  floatable 
will  be  distributed  on  the  water  surface  iimnedialely  in  front  of 
the  unit  between  sweeps  or  confinement  arms.  These  types  of 
tests  were  run  with  the  early  EPA  Demonstrator,  where  small 
amounts  of  oil  were  deployed  and  harvested.  If  piston  films  and  g<  llinf 
agents  prove  to  be  effective,  tlu'se  filnis  will  be  used  a;;  aids  to  ronfinc 
the  floatable  to  narrow  slicks.  Petroleum  oils  will  tested  primarily  to 
establish  the  relationship  between  the  biodegradable  and  petroleum 
oil  tests.  This  general  approach  was  successfully  applied  in  the 
tests  on  the  EPA  Demonstrator.  The  location  of  these  tests  will  be 
between  the  piers  at  the  South  Boston  Naval  Shipyard  (Annex)  as 
indicated  on  the  map.  No  more  than  25  gallons  of  oil  will  be 
spilled /te  st/day.  j 

Ti  st.s  Botv.'fcn  Piers 


Tests  between  piers  at  Pier  6 of  the  old  Shipyard  Annex  arc  anti- 
cipated in  August  of  197f).  These  tests  vdll  involve  the  use  of  fuel  oi'  .soy- 
bean oil  mixed  with  seaweed  and  dtbris  in  tlu>  fonr.  of  wood  and  nalr. t al 
stringy  materials.  There  would  be  a total  of  6 tests  performed  ar. 

25  gallons  per  test  with  no  more  than  two  tests  being  po'fori-ncd  per 
day. 


( 2 ) Assessment  of  Environmental  Dan^a ge 

The  total  quantities  of  oil  spilled  are  less  than  tiie  maximum  .stated  in  the 
EPA  guidelines.  Practically  all  of  the  oil  will  be  removed  by  the  skimrneri, 
being  tested.  Based  on  the  quantity  of  cil  that  will  be  spilled  and  the  effi- 
ciencies of  the  devices  which  will  be  sKimniing,  loss  than  10%  of  ib-e  test 
will  be  remaining  in  the  water.  This  amount  will  not  exc  eed  a maximum  of 
2.  5 gallons  in  a 25  gallon  test.  Within  24  hours  les.s  (ban  5 gallons  would  In- 
remaining  in  the  W'ater.  There  will  be  no  environiijentAl  damage  a.ssociated 
with  this  quantity  of  oil. 


JOt  kJV'idV  t ••  rw 


(3)  A copy  of  this  docvitnent  is  being  provided  to  tiie  U.  S.  Coast  Guard. 
Immediatley  following  each  test,  all  to.st  oil  regardless  of  type  will  be 
pic-ked  up  off  the  water  surface.  Cleanup  procedures  will  be  performed 
using  .IBF'  skimmers  in  combination  with  sorbentt.  (h.it  liave  been  demon- 
strated previously.  All  oil  rnixturea  v/ill  be  picked  ii]i  and  ecjllcctcd  in  the 
skimmer  collection  chambers.  The  concentrated  mixture  will  then  he 
transferred  fron\  the  well  to  onboard  storage  of  :i  unit  or  to  a supjjort 
ve  a scl. 


(4)  Contingency  for  all  Tests 

To  eliminate  the  possibility  of  causing  any  damage  to  the  environment 
while  testing  with  oils,  the  amount  deployed  for  each  test  run  will  be 
limited  to  25  gallons.  At  no  time  will  more  than  50  gallons  of  oil  be  s]>illed 
within  a 24  hour  period  for  the  types  of  tests  described  in  the  section 
entitled  "Harbor  Teats  of  Oil  Recovery  in  a Skimming  Mode'’.|  Based  on 
efficiencies  measured  at  EPA's  tow  basin  in  New  Jersey  for  thc>  DIP  skimmer 
USN  DIP  3001,  ')0%  of  all  the  oil  will  be  recovered  in  the  first  pass  (see  Table 
I attached).  Assuming  several  passes,  much  less  than  10%  will  be  remaining 
in  the  water.  Deflection  booms  will  be  critically  located  downwind  or  down 
current  to  insure  that  none  of  the  oil  sirillecl  by  accident  will  bo  allowed  to 
escape  into  open  water. 

Period  of  Test  Performance 

Based  on  approval  by  EPA,  tests  will  begin  in  Aujan.t  of  1976  and  will  extend 
into  July  of  197H.  EPA,  the  U.S.  Coast  Guard,  and  Mu;  MassachunettB 
Division  of  Water  Pollution  Control  will  be  notified  by  leleplione  at  Ic.ast  24 
hours  in  advance  of  all  major  tests  performed  in  Boston's  waters.  Point  of 
contact  with  the  Coast  Guard  will  be  the  Oil  Pollution  offic  < r at  the  COTP 
Base  Office. 


^ ^ ) Technical  Justificatio.r 

These  tests  which  are  required  in  our  contracts  willi  tin;  IJn i v(u  i,  ily  of 
Lowell,  the  American  Petroleum  Inn1ilut<;,  and  tin-  ll.S.  Davy  will  irrijjrov 
the  state  of  the  art  and  provide  much  nee<led  tcc.hnicol  <lata  to  impi  ovo  the 
design  of  future  oil  recovery  uystems  and  deve  lop  more  e fficie  nt  methods 
for  recovering  oil  spills. 
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USiS  IJll'  3001  Oil  Recovery  System  Testf. 


Table  I.  Throughput  Effic.ioiu  y > - ?,.  S knots 
(Free  Slick  - Skiumier  Apex-tiire  S tcet) 


N L» . 

Tow 
Speed 
(knots ) 

Belt 
Spe  cd 
( knots) 

Back 
Plate 
Open  mg 
( inebe  s) 

Throughput 
Efficiency  =1- 
(%) 

Average 
Throughput 
Efficiency'^  ! 
(%)  1 



1 

1 

1 

0 

97 

1 

1 

2 

1 

1 

0.  5 

1 0 1 " 

• 

3 

1 

1 

2 

94 

•)R 

1 

J 

3.  5 



95 

1 KNOT  AVERAGE 

97 

641< 

1. 25 

1.25 

■1 

94 

. _ .. 

94 

9 

1.  5 

1.5 

0 

10  3>!= 

103>^ 

82 

1. 7 5 

1.  5 

0 

99 

99 

60C 

2 

1.75 

3.  5 

93 

93 

u i > Oil  Collected 

Throughput  Ef£i«  jency  ^ oVrinl'eTc^pt^  " 

>l'Standard  Deviation  of  Volvimetric  Measiircinetits  of  Collected  Oil  Based 
on  1 3 Calibration  Runs  is  I 6%. 


i 
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((')  sioii  for  Technical  Documentation 


Teel' -;iral  information  that  is  obtained  will  lie  provided  to  EPA  and  all  other 
fed  nc-l  and  local  aj’cncica  that  request  it. 


{ 7 ) Concurrence  of  State  Authority 

A copy  of  a letter  from  the  Commonwt^alth  of  Maa sachvi.setts  for  similar 
tests  '.*1  previous  years  is  appended. 


(8)  Prior  Notification  to  the  U.  S.  Coast  Guard 

The  attached  form  will  be  sent  to  the  Coast  Guard  notifying  them  of  any  test 
in  excess  of  ZQ  gallons.  The  Coast  Guard  will  be  notified  by  telephone  of  all 
teutf;  to  be  performed  in  Boston  Harbor  regardless  of  the  quantity  of  oil  to 
be  spilled. 
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NOTIFICATION  OF  TESTS 


JBE 


SaCNTIFIC  CORPORA  TION 


’ Jewt*/ 


W-!ming!i)n  Mtir’.s  7cl  (0f7}  Sb7*if70 


Date; 


U . S.  C (,)ast  Guard 
First  Coast  Guard  District 
427  Commercial  Street 
Boston,  MA 

Attn:  Pollution  Control  Ofiicer 

Gentlemen: 

This  is  to  notify  you  that  JBF  Scientific  Corporation  will  be  performing: 

A.  Teats  in  a boomed  off  area 

B.  Tests  in  a free  skimming  mode 

Date  of  Tests; 

Total  quantity  of  oil  to  be  spilled  within  a 24-hour  period:  

Quantity  per  test:  Number  of  tests:  

Location: 

If  there  are  any  questions  concerning  the  above  tests,  please  contact 
Mr.  Ralph  A.  Bianchi  at  657-4170. 
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WATER  RESOURCES  COMMISSION 
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A«lcttSt  !!•  197t 


Mlph  A.  ClMAbi  Ml  itorMr 

Project  Dic*«tO(  Oil  Spill  Ta»U 

JSr  Sclaatlfic  Corpovatioa 
2 Jfiwal  Criv* 

V(lakliigtoa»  KaMMhatast*  OIMI 
Daav  Si VI 


TM  Dlvlaloa  of  Vat«r  Pollutloa  CoatTol  hat  v««lartfa4  tha  tait  plan 
•ttMittad  bp  Jb?  SaitatiflA  Caxpofatioa  on  July  2ii»  1976,  tltUdi 

T«6l  Man*  for  Cvalaating  ao4  Doaenvtratltit 
' Jtf  Oil  SkaiMMi#  1»  boatao  Harbor* 

JBf  plana  to  da«Ott»ttata  tha  affootlvonaaa  of  four  taoMlo  of  ^17 
fkisiatra  hy  aptlltofl  ao4  collatetot  nil  to  Beato*  Harbor  waeara*  Bio4«tra<lablo 
aatwral  olla  will  ioleially  b«  usad  for  nvoat  taata*  o:»<l  fual  oil  vlll  ba  utod  to 
cooflra  ch«  validity  of  ti-^sa  taeta.  Vba  pro^rm  vlll  ir.clr.do  clean<>u:i  In  bo'N^od 

off  araaa,  taata  laroWia}  aao  allaka,  ao4  taata  of  froa  alicka*  Sorboota,  piat«« 
fllM,  at«ata»  ao4  floatiog  tfohria  vill  bo  aidad  to  tha  alitk  duriap  uona 

taata  to  alamlata  aataral  aaaditloaa. 

Ail  taata  will  ho  in  accordanaa  vlth  Saotloa  610.9  of  Tltla  19  of 
fadarat  ratalatlaaa*  JB7  Sclaatlfla  aaanaaa  all  llabllltlaa  locarrad  aa  a raault 
of  tha  taata.  Tha  Oloiatoa  vlll  ha  oatlfiad  at  l«aat  24  hours  lo  advaaeo  of  all 
•ajar  taata. 

tha  taat  plana  ara  appvovad  with  tha  follavlof  coodltlaaat 

1.  Tha  raaalta  of  tha  pragraa  will  ha  aaat  ta 
tha  Pivlalaa. 

t.  A nap  af  tha  prapaaoA  taat  lacattaaa  at  tha  ahlp* 
yard  ahaald  ha  aaat  ta  tha  DWlslaa. 


tary  truly  yawra. 


Cspy  ardohlp  to  DOC  ^ wm 
panoU  tufly  lagiblo  i<|iai?af11qa 

TCM/JHP/aa 

Ml  Jaak  Coalaa*  tPA*  240  Hlthlaad  Avaoaa, 


. thoMo  C.  Hoxaheo 
Diraatar 

Haadbaa  Kolshta,  Waaaaabaootta 


02194 


t 
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TSCHNTCAL  DATA 
AMINE  D™  AMD  DBHIVATIVES 


(Prepared  by  HeroulBB,  Incorporated,  Wllalngton,  Delaware) 


Note  I Soae  of  the  pa^es  of  this  Appendix 
are  Independently  nuabered,  or  have 
no  page  nuabers.  Collectively,  these 
pages  coaprloe  pages  6I-69  of  this 
overall  Report. 
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TECHNICAL 

AMINE 

HERCULES 

DATA 

AND  DERIVATIVES 

BULLETIN  OR-132C 

(Supersedes  PC- 1 3 211) 


AMINE  D,  AMINE  D ACETATE  70%,  AND  AMINE  D ACETATE  508 


AMINE  is  u mixture  of  related  priiuury  amines  derived  from  a modified 
rosin  It  can  be  described  chemically  as  a technical  grade  ol  tiehydioabietylainine, 
ti.c  d Jir.iuaiit  atiiinc  comprising  it.  Amine  D readily  un-leteocs  the  usual  chemical 
reactions  of  primary  amines.  For  use  in  aqueous  systems,  it  can  be  converted  to 
the  acetic  acid  salt,  which  is  totally  soluble  in  water.  For  the  convenience  of 
those  who  may  not  itave  facilities  to  convert  to  the  acetate  Ibrm.  Hercules 
offers  AMINE  D .ACETATE  IQTr  and  AMINE  D ACETATE.  SOS,  a 70  percent 
solids  aqueous  paste  and  a ,30  percent  solids  aqueous-alcol’.olic  solution  of  this 
salt,  respectively. 

This  bulletin  describes  typical  uses  for  Amine  1>  and  several  of  its  deriv- 
atives, and  presents  detailed  information  on  their  physical  and  chemical  prop- 
erties. ToxKity  and  handling  precautions  are  also  included.  Indicated  appli- 
cations include  use  as  surface-active  agents,  corrosion  inhibitors,  additives  for 
asphalt,  industrial  preservatives,  chemical  intermediates,  and  flotation  reagents. 
A separate  bulletin  covers  the  Polyrad®  series  of  ethylene  oxiile  adducts  ol 
Amine  D.  This  lamily  of  products  is  especially  effective  as  inhibitors  for  acid- 
induced  corrosion,  particularj'  for  hydrochloric  acid. 
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TYPICAL  uses 
Asphiitt  Additive-. 

Amine  i")  aiui  its  .'cetnte  salt  are  useful  antislripping  agems  '.n  im)iiove  or  pro- 
I lUf  :,iihesi('ti  of  asiiiialts  to  sh'ne  aggregates  uscil  iti  roaJ  constmetion  or  repair. 

1 lies  >-.re  more  offeetive  for  improving  biiuling  ot'  cutback  a.>r'liiilts  to  siliceous 
materials  than  to  basic  aggregates  such  as  limestone.  Cienerally,  O.S  to  I.Z.'s 
peicent  of  the  amino  or  lunine  clerivalicc  is  ie<piircd,  ilepmuline  on  type  cif 
asphalt  and  aegregate  to  be  coated. 

Chemical  Intermediates 

.Ami'ic  D is  a technical  giade  of  the  prim.irs  amine  Jehydioahietylamine,  and, 
u.  Mieh  is  a vrry  reactive,  ehcinieal.  It  is  used  by  Hercules  and  others  for  nian- 
ii 'a .1  lire  oi'  a-  el::'e  salts.  Many  other  potentially  useful  ilerivatives  (see  section 
riicmic.d  Ki.,1  iisity  under  (.'heinical  aiul  Physical  Projicrtics  ot  .Amine  I))  can 
be  m..de. 

Corrosion  Inhibitors 

Reaction  products  of  Amine  D with  ethylene  oxide  (Polyrad  products)  are 
higlily  cffccti.e  corrosion  inhibitors  for  hydrochloric  acid  used  in  chemical 
specialties  (bowl  cleaners),  industrial  cleaning,  and  oil  well  acidizing.  These 
s.jter-soluble  inhibitors  arc  especially  useful  in  petroleum  refinery  streams  for 
reducing  corrosion  of  ainipment  by  hydrogen  suinde.  Itydrogen  diloride,  carbon 
dioxide,  and  organic  acids.  In  addition,  these  m.T Tials  act  as  detergents  in 
loosening  and  dispersing  scale-forming  materials  pres  nt  in  refinery  systems. 
Information  in  greater  detail  on  Polyrad  products  is  ar.nlable  in  other  Hercules 
liieiatuie. 

Flotation  Reagents 

The  acetate  of  Amine  H is  an  excellent  collector  tor  silica  and  silicate  minerals. 
It  is  used  primarily  in  the  henericiation  of  nonmeiallic  oies  siaIi  as  feldspar, 
ejuartz,  phosphate  rock,  and  cement  rock  It  is  useful  alsvi.  alone  or  in  con- 
junction with  other  reagents,  for  the  bcncficiation  ot  iron  oxide  and  other 
metallic  ores.  More  deiai'ed  inlormation  on  flol.Uion  appiic.iti.'iis  of  the  acetate 
salt  is  available  in  anothe'  Hercules  public aiion 

Preiervativw 

The  pcnlachlorophe.'ol  salt  of  .Amino  I>  is  a very  effectiw  ingredient  of  pre- 
sciAiitivcs  used  in  emulsion  paints;  wood-treating  compounds;  and  cordage,  telt, 
fabric,  and  paixr  that  are  not  exposed  to  sunlight  The  pont.ichlorophenate  is 
neither  manufactured  nor  sold  by  Hercules,  but  can  be  icadily  made  by  hot 
fusion  of  the  above  materials.  A description  of  this  derivative  follows. 

The  pentacliloroplicfiol  salt  of  .Amine  I),  which  is  soiiietimes  referred  to  as 
technical  ilehydioabiclylamnioniiiin  pcniachlorophcnoxide.  i.  i dark  amher. 
hriltic,  lesinoiis  solid.  Soliciting  point  of  ,i  lypic.il  sample  is  1('4'  ( ; spccilic 
giuvity  at  20,'20'^('  is  1.288.  Vapor  pressure  of  the  pcnla  idoiophenate  is 
approximately  one-tenth  that  of  peniachlorophcnol  itself.  1 lie  pcntachloro 
liliL-naie  o(  Amine  I)  is  readily  soluble  in  polar-type  solvents  such  ,is  pine  oil,  and 
II;  '.  II  ions  aliphatic  and  aromatic  hydiocarbons. 
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CHEMICAL  AND  PHYSICAL 
PPOPERTIFS  OF  AMINE  D 

Aimi.e  1)  is  ;>  iiiixtuic  ot'  liiiiU  molecular 
weiiilil  primary  amines  elerived  from  the 
resit'  .u  i.!  constiiiie'its  of  a moiliriei.1 
rosin.  IIil  v ,iu  iViJinK  stabili/.eU  abiclyl- 
amiiics,  llie  pioiiC'mina'it  one  heinc  de- 
li .droaliielylamitu  A liose  si  I net  ui  a I eon- 
fijriir.ition  isshown.il  lire  rieln.  Typieally, 

Airnne  I)  eonlains  around  pereent 
i iial  amines  ol  wliich  alioiil  3 percent  are  related  sccoiulary  amines  It  is  a clear, 
sellow,  viwo'.iS  li-iiiid  h.ivme  a faint  aminoniaeal  o:di'i  Olher  I'liysical  .md 
chemical  proi'eiiies  are  shown  below. 

Typical  Properties  of  Amine  D 


CH, 

CH, 


Amine  D 

Color,  Gardner 

7 

Specific  gravity  at  25/15.6“C 

1.00 

Refractive  index  at  20^C 

1.045 

Pound:  per  gallon  at  2b"C  (kg/|) 

83(1.0) 

Viscosity,  poises  at  25°C 

87 

Flash  point,  °F  (°C) 

378  (192) 

Neutralization  eouivalent 

316 

Secondary  amine  content,  % 

3 

Total  amine  content,  % 

92 

Solubility  - luir  all  practiial  considerations.  Amine  D i in>oliible  in  water, 
[•'or  example,  .soiubilily  in  water  is  less  than  O.S  gram  per  lOu  .mams  of  water 
at  I 0U°(  . However,  it  is  soluble  in  commo*'  ornyr.ic  solvents,  including  alcohols, 
ethers,  hydroc.irbons,  .uul  chlorinated  solvents  For  use  in  vat.i  or  with  aqueous 
systems,  the  amine  can  be  u-.u  led  with  aietic  acid  to  fonn  ;i  w.ilci  soluble  salt. 
Hercules  offers  the  acetate  salt  ol  Amine  D as  a convemenee  lo  users  who  prefer 
to  purchase  rather  than  make  the  salt  themselves. 

Stability  to  Heal  and  Slurugc  - Amine  I)  is  ipiile  .si  dile  lo  l.e.i.  below  lUiCC. 
^.bove  this  temperature,  gradual  decomposition  ocruis  ,nul  ineicases  .is  the 
healiiig  tinie  and  temperature  aie  mercased  I his  is  illustiatcd  by  the  lollowuig 
ii;ila,  oil  page  4,  oblanud  on  ,i  typical  s.iiujih-  of  \mine  I) 
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Time  of  Heating 

Temperature, 

Weight  Loss  of  Amine  D 

(days) 

”C 

During  Heating.  % 

1 

100 

1.1 

3 

ICO 

2.2 

? 

100 

3.2 

1 

150 

10.5 

O 

o 

150 

18.0 

7 

150 

35.4 

7.5  hours 

203 

14.9 

Ihe  viscosiiN  o(  Amine  O ileere.ises  sharply  with  mere.ise  m temperature. 
\Mien  eolil  it  is  very  Mseous,  but  on  w'.iriiiin!;  it  becomes  siillicieritly  Hiiiil  to 
pump  orotherwi.se  tr.inslei  witlunii  JiHicully. 

Most  metals  aie  miatleeti'd  by  Amine  I)  uiuier  normal  coiuiitions  ol' eoii- 
taci  and  stoiagv  l aboratory  te^ts  showeil  no  erieet  on  i-hieis  iron,  stainless 
.steel.  Monel,  copper,  nickel,  tin.  /ine.  or  aluimnuin  at  room  temperature  .\t 
(I49°('t,  .\mine  D caused  slight  corrosion  (’approximately  2 mils  per 
year)  of  black  non.  Monel,  nickel,  tin,  and  /inc,  but  had  noeflect  on  stainless 
steel,  aluiniiuini,  or  ctippcr. 

.Surtacc  Acti^ty  .Amine  D facilitates  the  wetting  of  siliceous  surfaces,  as 
illusttated  by  the  contact  angle  measurement  data  that  follow. 

Contact  Angle  Against  Glass 

Test  Sample Immersed  in  Water  (average  value) 

Mineral  spirits  alone  13V' 

Mineral  spirits  + 0,1%  Amine  D 114” 

Mineral  spirits  + 1.0%  Amine  D 96' 

Mineral  spirits  ■*-  5.0%  Amine  D IT 

1 hese  tests  were  matle  by  rele.ising  drops  of  solution  ol  .Amine  I)  in  min- 
eral spirits  beiiealli  glass  plates  siilmierged  in  water,  in  a liori/.uiital  position, 
and  measuring  Ihe  contact  angle  Jireelly  with  a micToseope.  The  smaller  the 
angle,  the  greater  the  welting. 

Chemical  Reactivity  - .Amine  U offers  manufacturing  eheinist'.  an  unusual,  high 
purity,  high  molecular  weight  amine.  As  <i  chemical  raw  material  o:  inlermcdi.ite, 
it  may  be  consulereii  to  be  a feehr.ieal  grade  of  rtehydrciahielvlainine.  a eon 
den.wd-iing-slmeluie.  jiarii.diy  aromatic  pi  unary  amine  wliose  strueture  is  sliow  n 
on  page  3.  It  undergoes  lue  m.my  and  > ••t  ied  reactions  comiiionly  acsociateil 
with  amines  of  Ihi'.  ly  pe,  ,\  lew  e.x.imples  are  its  reaction  with  acids  to  (iriHluee 
amine  salts,  with  alkyl  halides  to  produce  seeoiulary  aiul  tertiary  amines  and 
amides,  and  with  anhydrides  to  form  miidcs.  On  llie  fallowing  two  pages,  in 
equation  form,  are  oilier  potential  chemual  reactions  lo  which  .Ainiiu  1)  c.in  I'c 
applied. 

Particularly  valuable  ilerivalives  ol  Amine  1>  are  llie  simple  sails  loinied  In 
reaction  with  earho.xylie  aeiils  and  acidic  phenols.  1 .xainples  are  Ihe  salts  ol 
aeelic  acid  and  penlaehkiroplienol.  llie  omiinei cially  av.iil.ilde  .eel, lies  ol 
Amine  D are  discussed  on  |>age  7, 
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Pos.iible  Chemical  Reactions  of  AMINE  D(RNH2) 
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CHEMICAL  AND  PHYSICAL  PROPERTIES 
OF  AMIMF.  U ACETATE 


1 iic  jcetic  awid  salt  of  Amine  D is  commercially  available  Irom  Hercules  as 
Amine  D Acetate  Two  i:uncentralions  are  offered:  a 70  ”crcent  solids  ai]ueous 
paste  and  a 50  percent  solids  aiiiieoiis-al*  n|u>lie  solution.  Properties  of  these 
jnoducts  are  shown  below: 

Properties  of  Amine  D Acetate 


Solids  content,  % 

Water  content,  % 

Isopropyl  alcohol  content,  % 
Specitic  gravity  at  25/ 15  S^C 
Pounds  per  gallon  at  25  'C  (kg/I) 
Viscosity  dt  25'C,  poises 
Flash  point,  Tag.  open  cup,  °F  (°C) 
Proe?inq  point,  ”F  C’C) 


Amine  D Acetate 


70% 

70 

30 

1.036 

8.630(1.04) 
solid  paste 


505  

50 

1 1 

1.017 

8.460  (1.02) 
1.070 
140 (60) 

15  (-9) 


^ubilUy  - Amine  1)  .Acetate  is  quite  soluble  in  water  and  lower  molecular 
weight  alcohols.  Its  solubility  in  most  other  organic  solvents  is  not  as  great. 
In  very  hard  waters,  the  piesence  of  ions  ^tich  as  i>h(>sphnte.  chloride,  ami  sul- 
fiile  ciiuses  cloudy  solutions.  In  waters  ol  normal  hardness,  dilute  solutions  ot 
t!ie  acetate  (0.01  to  1 percent)  may  frequently  be  lui/y  , but  higher  sirength 
solutions  of  from  1 to  50  percent  are  generally  clear.  I'ifty  pereenl  concen- 
trations are  about  the  limit  of  solubility  ol  the  aeelate  in  water  at  room  teinpe'"- 
ature. 


NOTE:  The  50  percent  solids  commercial  lonii  of  this  acetate  is 
readily  diluted  with  water  to  lower  eoneenlrations  T he  must  sat 
isfactory  dilution  procedure  for  the  70  percent  solids  inudiicl,  which 
is  a heavy  paste,  is  as  tolluws:  M I add  I pai  t of  water  to  I p.n  I of 
the  paste  and  stir  until  mixture  is  unilorm . ( ) lei  sl.nul  74  hours, 
after  which  the  tluid  paste  can  he  readily  diluted  to  any  d-sired  lower 
eoncentration. 

Stabj^ity Jo_ Heat  and  Storage  The  water-  aiul  aleohol-liee  acetate  ol  .Amine 
1)  is  stable  to  heat  below  temperatures  ol  around  d0’(  Liion  piulongcd  heating 
■;t  highc'  temperatures,  it  is  eonverleil  into  the  free  amine  and  .uelie  acid,  or 
to  an  N-substituted  acetamide  when  the  acetic  acid  lotmed  cannot  re.idiK 
escajH'.  l or  example.  In  a closed  system,  when  a -.ample  ol  the  acct.ile  ut 
Amine  I)  t 100  percent  solids)  was  liealed  (O  houisal  (O  no  change  m coinpo- 
silioii  oeciiired,  when  healed  at  lt'5't'  lor  1.5  Imhus,  Ihi-  salt  w,is  conniled 
ciimpletely  to  an  aeiTamide. 
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Stability  to  Air  and  Sunlight  - A diar.ii.  ti-nstn.  r)l  liitili  ihoIoluI.u  wcittlit  pri- 
mary amines  ami  (lieir  salts  is  siiseeptihility  to  rrxiilatmn  wlien  thin  films  on 
vjriinis  s\il'str.i:es  arc  exposeil  to  air  in  Ihe  luest’nce  i>f  snnliniil  Suiiliiihi  cata- 
ly/vs  tile  oxulation.  In  the  absence  o(  siinliglit,  oxidation  is  nef’ligible.  The 
acetate  ot  Amine  I),  heint;  a high  niole>-ular  weigiit  pi  unary  amine  salt,  also 
has  this  characteristic 

Surface  Activity  I he  acetate  of  Amine  1)  lias  delinite  surfactant  properties. 
It  shows  markeil  svetting  activity  on  siliceous  surfaces  In  aciueous  solution, 
,'\nmie  It  Acetate  ;s  ailsorheil  by  cellulose  tibcis.  lliieails,  .iiul  t.ihrics,  and,  alter 
ilrymg,  is  not  readily  reiturved  by  subsetiiieni  waslung  .Mso,  the  wetting  time 
ol  ee'tlon,  as  measured  by  the  Draves  mcthoil,  is  inaikeilly  decreaseil  by  the 
pieseiice  of  sin  ill  .inii  'uiils  ol  this  salt  in  the  w.iter 

rite  lollowiiip  d.iia  illustr.ite  lliese  sselling  proiieilics.  ami  show  how 
sutl'aee  tension  and  interfacial  teiision  between  water  ami  urgame  liquids  are 
ilcercased  by  Ihe  pieseiice  of  this  acetate. 

Amine  O Acetate 

(concentration  in  water.  %)  0 O.Ot  0.10  0.15  0.17S  0.20  0.50  1 .00 

Surface  tension, 

dynes/cm  at  ?5"C  72.1  55.4  37.7  - - 33.4  33,4  - 

Interfacial  tension 
(iso  octane-water), 

dynes/cm  at  25°C  47.5  - 9,2  - - - - 0.9 

Wetting  speed, 

Graves  meUioti 

(cotton),  sec  - - 1B0  50  18  9 - ~ 

TOXICITY  AND  HANDLING  PRECAUTIONS 

1 ike  most  amines  and  their  salts.  Amine  I)  and  the  acetate,  although  ol  rela 
lively  low  toxicity,  should  f’c  luiullcd  with  care  f lu'sc  piodm  Is  iiuiy  cause  skin 
irritation.  Avoid  pioloiigcd  or  repeated  contact  with  the  skin. 

Derinalological  sludii  indicate  that  Amine  1)  ami  certain  of  its  ilerivatives 
are  not  skin  sensili/.ers.  At  coneeiitialions  tielow  0.5  p<crceiil,  they  do  not  act 
as  primary  irritants  even  on  prolonged  ex|>osure  to  the  skin  llnwever,  coiuen- 
Iraled  solutions  or  Ihe  undiluler!  material  on  prolonged  c.xp'i  .uu  do  act  as  pri- 
mary skin  irrilunls,  just  as  do  many  other  amines  and  their  s.ilts 

If  accidental  coiit.ict  is  made  wiili  the  skin,  wipe  off  .it  once.  In  the  case  ol 
Amine  I),  apjdy  vinegai  or  a 5 percent  soliilio.'i  of  aia  ln  ai  id  .iiul  follow  with 
thorough  w.isliint',.  using  mild  soap  and  w.itci  I he  .wel.iie  s.ill  lomi  should  In 
reiiioved  proinplly  by  lust  washing  'vitli  w.ilci  loliowed  fv  lliniimgli  w.i-.lniig 
with  mild  SI i.ip  .ind  w.ilci 

.Slioiild  these  piodm  Is  lOiil.u  I Ihe  eyes,  iiiiiiiedi.ile  I,  nii-,1,  with  I’leiil  y III 
w.ilei  (oi  at  least  1“’  miiiiiles.  gel  ineilu  .d  .ilieiiliDii  II  s|u'i,  mm  eli>|hiii|'.,  le 
move  and  wash,  beloie  reuse 

Copy  ovoflob]*  lo  rt>C 
ftpnali  fully  legibl* 


APPENDIX  U 
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GELATION  vY  OIL  SLIOKi  hY  AMINE  CARBAMATEi  Ay  AN  ADJUNCT  TO  U.G.  NAVY  OIL  GPILl. 
HECOVSHY  OPERATIONS.  (Contract  No.  N0001^-?6-C-0349) 

Tes+  UpoT^tlons  at  Co.  ’^'aol lltles,  ?0  September  I9?6 


I.  Sman  quadrant  testi 

A.  Seouencet 

1.  Apply  P (<al.  deael  Euel  to  surface  of  pool. 

?■  Apply  small  quantities  of  Piston  Oil  Film  to  assist  in  containmen'' 
of  slick. 

Spray  O.T  oal.  ^raaklnp  for  15'^  vol./vo].  c'^ncontr-ri  i o:' ' of  solution  of 
Amln.o  (70"?  15^  ethyl  al''oRo'’-,  15^  ber.z.yl  alcohol)  on  surface  of  slick, 

u.  Apply  powdered  Cry  Ice.  Let  stand  for  5 minutes  for  "el.ation. 

5.  Recover  polled  slick  usln,3  sieve. 

Apply  Piston  OH  '^llra  to  ary  residual  ungelled  oil. 

R.  Objectives  1 

1.  IJemonstrate  sprayinr  technique  and  subsequent  appllc-\tlon  of  COp. 

y.  Demonstrate  corapatibillty  of  Amine  ”D"  system  with  Piston  Oil  riim. 

3.  Demonstrate  sieving  technique  for  harvestlnp;  of  gelled  slick. 


II. 


Large  quadrant  testi 

A.  Sequencei 

1.  Apply  5 gal.  of  previously  mixed  No.  2 Fuel  Oil/  Amine  "D"  soln.i 

^.1  gal.  No.  2.  Fuel  01l(  ,car  i *4  4.  ... 

0.7  gal.  Amine  0 soln.  (’  concentration,  as 

2.  Dust  with  powdered  Dry  Ice. 

3.  Harvest  with  DIP 

B.  Objectlvesi 

1.  Demonstrate  harvesting  technique  and  compatablllty  with  DIP. 

C.  Connentsi 


above . 


1.  Pre-mlxlng  necessary  for  this  test  Inasmuch  as  sprayer  will  not  reach 
all  dlmptnslons  of  large  quadrant  of  pool. 


III.  Flame  suppression  testi 

A.  Apply  1 Rffl  flla  (75  ml.)  of  ungelled  gasoline  to  surface  of  10ft  x 1"  (deep)  x 

“ (wide)  trough  filled  with  water. 

B.  Ignite  downi^nd  end  of  trough  and  time  spread  of  flame  down  trough. 

C.  After  fire  burned  out,  apply  75  ml  of  85^  gasoline  - 15^6  Amine  u solution 
to  trough.  Dust  with  powdered  Dry  Ice. 

D.  Set  fire  to  downwind  end  of  troughj  gelled  film  probably  will  no!  ii'nit.e  or  will 
bum  very  slowly  ilown  length  of  trou/'h  if  ignition  doei;  occur. 
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Fluor«sc«nc«  teoti  smiH  qUAdruit.  (Nl|;httiM«  operation i optional) 

A.  Sequencei 

1.  Apply  2 gal.  oil  slick  to  saall  quadrant  of  pool. 

2.  Spray  0-3  gal.  of  Aalra  D solution  to  periphery  of  slick;  this 
solution  contains  alnute  quantities  of  Rhodaalne  B dye. 

3.  Dust  periphery  of  treated  slick  with  Dry  Ice  powder. 

After  darkness,  exasine  nllck  with  UV  ("Black")  light  to 
deaonstrate  nighttime  visibility. 

B.  Objectives I 

1.  Demonstrate  nighttime  capability  which  could  be  derived  from 
use  of  fluorescers. 

2.  Demonstrate  capability  of  containment  of  oil  slicks  ^ use  of 
peripheral  treatments  with  amine  gelants. 
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NAVAL  RESEARCH  LABORATORY 


WASHINGTON.  DC  20390 


IN  REPLV  PEFEfl  TO: 

8330-042  ;W-UG:ncp 
01  March  1976 


I'r.  Williom  w.  Bannister 
Department  of  Chemistry 
University  of  Lowell 
Lowell,  Massachusetts  01854 

Dear  Dr.  Bannister: 

With  ruKard  to  your  progress  re|x»rt  of  12  Febi*uary  1976  (Contract 
No.  NOOO14-76-C-0349 ) , I find  that  your  prograi.i  is  proceeding  in  a 
logical  fashion.  Your  progress  to  date  indicates  thul  you  wll] 
have  a workable  gelling  agent  in  time  for  the  plnn.ud  field  tests 
later  in  the  year.  I am  particularly  interested  in  your  proposed 
studies  of  the  effect  of  gellatlon  on  volatility.  This  will  be  a 
useful  adjunct  study  relevant  to  the  possible  immobilization  and 
hazard  reduction  in  .spills  of  flammable  Jet  fuels  and  gasolines. 

In  fact,  I would  suggest  that  more  emphasis  be  given  to  volatility 
effects,  it  these  studies  Indicate  significant  reductlon.s  in 
vaporatlon  rate. 

In  the  toxicity  studies  there  may  be  an  influence  of  the  No.  2 
fuel  oil  on  the  organisms  tested.  Perhaps  fuel  oil  and  the  amine 
mixtures  should  be  tested  separately  as  well  as  in  combination. 

From  a practical  standpoint,  your  research  should  be  geared  to 
relatively  thin  oil  layers.  Small  spills  of  distillate  oils  vary 
in  thickm  s between  I and  5 mm,  while  heavier  petroleum  fractions 
fonn  films  on  water  with  thicknesses  up  to  I cm.  It  might  be 
Interesting  to  study  the  effectiveness  of  gellatlon  as  a function 
of  oil-film  thickness. 

Y lur  proposed  reporting  schedule  is  satisfactory,  and  I wish  you 
continued  success  in  your  future  endeavors.  1 entutivoly  I plan  u 
site  visit  to  your  laboratory  during  the  wook  of  April  19.  There 
is  a conference  in  Boston  that  week  which  I hope  to  attend,  I 
will  bo  in  contact  with  you  later  to  confirm  this  visit. 

Best  regards, 

• ' 

W.  D.  GARKhTT,'  lie  ,-l 
Interface  Chenisliy  Section 
Ocean  Seieiuies  Divl.sion 

ce:  NAVIAf  o:«21l  (.S,  M.  Hurley) 
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NAVAL  RESEARCH  LABORATORY 

WASHINGTON.  DC  20375 


8330-171 
27  July  1976 


illlnn  \'i . Bnnnlster 
i 'o partmoat  ul  Clicmi st ry 
liiivorsity  of  I.owell 
Lowell,  MA  01854 

I'cai'  iir.  LLiinistcr; 

Your  progress  report  No.  4 ol  8 July  1976  on  the  project 
'G(  latl'.'t',  <jl  Oil  Slicks  by  Amine  Carbamates  as  an  Acijuncl  to 
t .S.  Navy  Oil  Spill  Recovery  Operations"  has  been  reviewe'l.  Tlie 
work  is  on  target  and  in  accordance  with  the  contract  assignments. 

1 ospoeially  appreciate  your  willingness  to  follow  the  guidelines 
outlined  in  my  letter  of  1 March,  which  suggested  minor  modifica- 
tions in  the  research  direction. 

The  additional  research  performed  by  your  group  on  the  reduc- 
tion of  flammability  hazards  in  volatile  fuels  through  gelation  may 
provc  to  be  of  future  value  to  the  transport  and  handling  of  petroleum 
products.  Although  flammability  reduction  is  not  a port  of  the  contract 
w('rk  statement,  1 hope  that  you  have  the  opportunity  to  determine  flame 
propagation  rates  of  gelled  vs.  ungelled  fuels.  Such  studies  could  be 
performed  in  open  trench  tests  of  the  kind  we  discussed  during  your  22 
July  visit  to  NHL. 

In  recent  telccons  with  you  and  Mr,  Bianchi  of  JUK  Scientific 
Corporation,  it  was  determined  that  field  evaluations  oi  the  devel- 
oped gelation  system  will  be  performed  in  September  (tentative  date, 
week  of  20  Sept.)  in  the  JBF  test  tank.  Ii  is  anticipated  that  those 
studies  will  be  designed  to  achieve  the  following  goals; 

(1)  Determination  of  the  feasibility  of  iji  si iu  oil  spill  gelation 
using  the  developed  amine  carbamate  approach  under  field 
conditions . 

(2)  Evaluation  of  the  effectiveness  of  devices  for  applying  gela- 
tion agents. 

(3)  Studies  of  the  ability  of  oil-spill  removal  systems  to  harvest 
the  gelled  ijctroleum  oil. 

(4)  Determination  of  the  possibility  of  premixing  the  amine  and 
CO2  prior  to  their  contact  with  the  fluating  oil  and  the 
jiroperties  ol  the  gel  produced  by  such  a procedure. 
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8330-171  ;TOG:n-,c 
27  July  1976 
Pa^e  2 


(?)  Oi I -col loc t ing  agents  (Piston  Film)  will  bo  used  to  confine 
some  of  the  test  spills  to  determine  the  advantage  (jf  pre- 
venting spreading  of  the  spill  prior  to  pi  liitlon. 

With  regard  to  the  latter  study,  I have  supplied  two  l-pint  cans 
of  the  Navy  piston  film  (Federal  Stock  No.  6810-172-9110)  to  JBr  for 
use  in  the  September  test-tank  evaluations.  Thank  you  for  your  invita- 
tion to  observe  and  participate  in  the  field  stuil’.cs.  I will  endeavor 
to  contribute  to  their  success. 


Very  truly  yours, 

. ...  A 

William  D.  Garrett,  He^d 
Interface  Chomlstry  Section 
Ocean  Sciences  Division 


cc  ; 


S.  M.  Hurley,  NFAC  032  B 

!l.  A,  Bianchi  , JBF  Scientific  Corp. 
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